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PREEPACE. 


ABouT four years ago I became convinced that the true 
method of teaching Natural History was the one laid down 
by Professors Huxley and Martin, in their “ Practical 
Biology.”"* As soon as possible I tried to follow that 
method, but found that Huxley and Martin’s book was not 
quite suitable for my purpose. In the first place, the 
number of selected types is small, while I had to prepare 
students for an examination that embraced all classes and 
orders of animals. In the second place, some of the pro- 
cesses which the student is instructed to go through require 
considerable practice before they can be successfully per- 
formed, and while the idea is prevalent that the student 
should learn something of everything, this occupies too 
much time. In the third place, some of the animals cannot 
be readily obtained in New Zealand. Under these circum- 
stances I modified Professor Huxley’s plan, by taking more 
types, and teaching less about them; especially by leaving 
out histological details‘and processes. After going through 
this course in the Otago University for two years, it became 
evident to me that, in order to secure method and accuracy 


* A Course of Elementary Instruction in Practical Biology. Mac: 
millan & Co 
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in the work done, it was essential to have printed instruc- 
tions for the students ; and I have thought that by making 
these instructions rather fuller than necessary for class 
work, they may be also found useful for self-instruction. 

The microscope is to the Biologist what the telescope 
is to the Astronomer, and it is essential that the student 
should acquire some dexterity in its use before proceeding 
to the study of his more immediate subject. For this reason 
I have given, in the first part, a short description of a com- 
pound microscope, and some exercises in its use. These 
exercises are only to be considered as suggestive, they can 
be varied to any extent; but I have found that five or six 
hours practice is generally sufficient to enable the student 
to go on to the second part. 


In selecting the animals for examination, in the second 
part, | have been guided by the following considerations :— 
They should be widely distributed in New Zealand; they 
should be abundant, so that the teacher can supply plenty of 
material to each of the students; they should, as far as 
possible, be procurable at all seasons of the year; they should 
represent as many different groups as possible; and they 
should be different from those already described in Huxley 
and Martin's “Practical Biology;” for I look upon this book as 
an introduction to that far better one. I have not been equally 
successful in the treatment of each example, but I know from 
experience that no directions are given which cannot be car- 
ried out by any student with a little practice. In several 
of the exercises I have introduced diagnoses of species, and, 
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in one case, of genera and families. This has been done 
partly because the same species is not always the most 
common one in different parts of New Zealand, but more 
especially to teach the student to attach a definite idea to 
the word species. Students should practice drawing, and 
writing descriptions of the different organs of the animals ; 
and the teacher will find that to make his pupils draw and 
describe what they see is the best method of examining 
them. 

The third part contains a summary of the characters of 
the principal groups of animals. Notwithstanding the tem- 
porary nature of all classifications 1t appears to me necessary, 
in order to fix the student?s ideas, that he should learn the 
characters of the principal groups. Without this he cannot 
understand the difference between the general structure of 
an organ throughout a group, and its actual structure in the 
species which he is examining, and there will be a want of 
mental perspective in the idea he forms of the animal king- 
dom. The references in this part to the literature of New 
Zealand animals are not intended to be complete, but all the 
more important papers are referred to, and the student will 
find in those that are mentioned references to others, and so 
will not be likely to overlook anything that has been 
published. 

I consider that exercises in the fourth part are of con- 
siderable importance in strengthening the powers of obser- 
vation, and in teaching accuracy. The process of deter- 
mining the group to which an organism belongs has, I think, 
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been too much neglected by teachers of zoology, while it has 
often been too much insisted upon hy teachers of botany. 
The group of insects has been selected for these exercises 
for obvious reasons. Insects present a great amount of 
variety, and are sufficiently small to require great care in 
their determination ; they can be collected in quantities, and 
can be easily preserved in a fit state for examination, so that 
when other materials fail the teacher can always have recourse 
to them ; and also they are of great importance economically 
to the agriculturist. No doubt the student will not always 
be able to refer an insect correctly to its family by these 
tables; but the failure will do no harm, and the teacher 
should remember that if he wants to give his pupils clear 
ideas, he must not begin by pointing out exceptional cases. 

I have added a short introduction on the principles of 
zoology, in order to give greater completeness to the volume, 
but the whole book is intended to be supplemented by 
lectures, and students who are teaching themselves should 
read Nicholson’s “Manual of Zoology” along with it. At 
the end there is a glossary of the more important terms used 
in describing insects, which the young entomologist will 
find very useful. . 


CONTENTS. 


INTRODUCTION. 


THE CELL.—Protoplasm. Growth and formation of the cell. Struc- 
ture of organic substances. Multiplication of cells. : 

DIVISIONS OF ZOOLOGY.—Morphology. Development. Histology. 
Paleontology. Taxonomy. Physiology, Distribution. 

THEORY OF DESCENT.—Natural Selection. 

CLASSIFICATION 


DIFFERNCES BETWEEN PLANTS AND ANIMALS 


PART I. 


THE MICROSCOPE. 


DESCRIPTION OF THE INSTRUMENT—The Body. The Stage. The 
Mirror. The Stand. Practical hints. The work table. 


EXERCISE I.—Linen Fibres ... 

EXERCISE IJ.—Transparent objects 
EXERCISE I[II.—Opaque objects 

EXERCISE [V.—Air bubbles and oil globules 
EXERCISE V.—Brownian movements 
EXERCISE VI.—Ciliary movements 
EXERCISE VII.—Muscular fibre 


Exercise VIII.—The examination of small active animals 


Vill. CONTENTS, 


PART II. 


MORPHOLOGY. 


EXERCISE I.—The Sea Anemone 
EXERCISE I].—The Rock Starfish 
EXERCISE III.—The Earth Worm 
EXERCISE IV.—The Sea Squirt 
EXERCISE V.—The Cockle 
EXERCISE VI.—The Periwinkle 
EXERCISE VII.—The Garden Slug 
Exercise VIII.—The Sea Snail 
EXERCISE [X.—The Shore Crab 
EXERCISE X.—The Stick Insect 
EXERCISE XI.—The Blue-bottle Fly 
_ EXERCISE XII.—The Sea Mullet 


PART III. 
SYNOPSIS OF THE ANIMAL KINGDOM. 

Page 
Protozoa ‘wa aes 99 | Tunicata 
Coelenterata ... ee 99 | Vertebrata 
Vermes me a 101 | Pisces ... 
Echinodermata ... ateh 102 | Amphibia 
Arthropoda he Se eae 103 | Reptilia 
Molluscoida i eae 106 | Aves 
Mollusca Bes 64 107 | Mammalia 

PART IV. 

SYSTEMATIC ZOOLOGY. 

: Page | 
Orders of Insects ees 123 | Coleoptera 
Neuroptera sie as 123 | Hemiptera 
Orthoptera _—--. = 124 | Lepidoptera 
Hymenoptera : ... ie 125 | Diptera 


List of Apparatus required 4, 
Glossary eee s 
Index oe vile 


eee eee 


Page 
36 
39 
44 
50 
53 
53 
61 
66 
12 
79 
86 
93 


Page 
108 
108 
109 
111 
112 
114 
118 


Page 
126 
131 
134 
135 


138 
139 
143 


INTRODUCTION. 


THE CELL. 

Brotoey is that branch of science which investigates living 
organisms. What life is, we do not know, and consequently 
we cannot define it. We know that life can only exist 
when the temperature is between certain limits, and we know 
that the temperature of the earth at one time far exceeded 
the higher of those limits. Consequently, we know that life 
must have at some time or other originated on the earth, 
but how it originated we are quite ignorant, and the 
question of its origin is not properly included in the science 
of Biology. 

Notwithstanding these limitations, Biology is the most 
extensive field for investigation open to the human mind; 
not only does it investigate the structure and functions of 
plants and animals, but it also endeavours to find out why 
each particular plant and animal has its peculiar shape and 
structure, and how this shape and structure has been 
gradually attained. The more we study it, the more clearly 
we recognise the marvellous complexity of Nature. Just 
as ye ae unfolds to us the Infinite, and Geology the 
Eternal ; so does Biology unfold to us the Omniscient. 

Biology is divided into two branches—Botany, which 
is the study of plants; and Zoology, which is the study of 
animals—but the two meet on the debatable ground of the 
lowest living creatures, and Botany and Zoology are, in 
reality, but the study of the development in two different 


directions of the same substance—Protoplasm. 
B 
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Protoplasm is the only substance with which we ever. 
find life associated. It is a viscid, colourless, granular 
substance, in most cases containing a well defined dense’ 


structure called the nucleus. Its composition is not accu- 
rately known, but it is probably a combination of an 
albuminous substance, allied to protein, with a varying 
quantity of water, and it generally contains granules of oil. 
Living protoplasm is not stained by acetic extract of cochi- 
neal, but when it is dead it is stained. Iodine stains it 
brown, and an ammonaical solution of carmine stains it 
crimson. If heated with nitric acid, washed, and then 
treated with potash, it turns deep yellow. If treated first 
with copper sulphate and then with potash, it turns dark 
violet. It is dissolved by a solution of para and after 
some time by sulphuric acid. 

The composition of protoplasm is probably not constant ; 
like all organic nature, it is mutable and subject to change. 
Living protoplasm is distinguished from dead by exhibiting 
the power of spontaneous motion—that is, motion which is 
not owing to an external stimulus—assimilation and irrita- 
bility. 

Spontaneous motion.—This is exhibited in three forms. 
(1) Internal currents, by means of which the granules 
flow to different parts; (2) change in the external 
form; and (3) the rapid lashing backward and 
forward of minute hair-like processes of the pro- 
toplasm called cilia. These movements are accele- 
rated by weak solutions of alkalies and alcohol, by 
moderate warmth, and by weak induction currents ; 
but if these are increased in strength, all movement 
ceases. 

Assimilation.—Protoplasm is constantly decomposing, but 
it has the power of converting other organic com- 
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pounds of carbon, hydrogen, and nitrogen into a ma- 
terial like itself. It can assimilate a mixture of sugar 
and an ammonium salt, or oil and an ammonium salt; 
but it cannot assimilate mixtures entirely inorganic, 
for it cannot decompose carbonic acid. This power 
is possessed alone by chlorophyll (c,, H,, N, 0,,); 
which is a secretion of protoplasm found abundantly 
in plants, forming the green colouring matter of the 
leaves, and very rarely in animals. Chlorophyll has 
the power of manufacturing starch by decomposing 
the carbonic acid of the air under the influence of 
sunlight. The starch, which is insoluble, changes 
into sugar or oil, and is then transformed into 
albuminoids (that is, compounds containing nitrogen) 
by the action of the ammonia absorbed by the roots 
of the plant. 

Trritability—The addition of a weak solution of salt 
produces irregular changes of form in living proto- 
plasm, although it does not affect it when it is dead. 
Corpuscles of protoplasm also absorb particles of 
nourishing material by surrounding them, probably, 
therefore, they feel them. 

All organic substances do not show the phenomena of life, 
but all have been formed through the agency of living 
matter. | 
Growth and formation of the Cell.—Living proto- 
plasm is not only constantly assimilating, but it is also 
constantly secreting — that is, constantly preparing and 
separating other substances out of itself. These secre- 
tions are in two forms, internal and external. The 
internal secretions are chlorophyll, starch, fat, &e The 
external secretion takes the shape of a surrounding wall, 
which encloses the corpuscle of protoplasm, and thus forms 
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a cell. In vegetables, the corpuscles generally surround 
themselves with a cell wall of cellulose; in animals, the 
corpuscles usually remain naked, the external secretion, if 
any, being dissolved; nevertheless, for the sake of conve- 
nience, animal corpuscles of protoplasm are also called cells. 
As the cell increases in size by the introduction of new 
matter, which in the fluid state can permeate the cell wall, 
this structure is stretched, and would rupture if 1t were not 
that material of the same kind is constantly being added to 
it by intus-susception, that is, by the interposition of new 
molecules between the old ones, so that the cell wall grows 
too, and gets thicker. This mode of growth of organic 
bodies by intus-susception is altogether different from the 
growth of inorganic bodies, such as crystals, which grow 
by successively deposited external layers, and can only 
grow when material of the same substance as themselves is 
presented to them. 

Structure of Organic Substances.—Although we know 
what elements are present in living matter, and approxi- 
mately in what proportions they are present, we do not 
know whether they form a simple or complex combination. 
We cannot analyse living matter, as the first step in the 
process must always kill it; but in non-living, or secreted 
matter, a combination of the elements certainly takes place. 
Nageli has proposed the hypothesis that in organised bodies 
each molecule is surrounded by a layer of water. All these 
bodies contract by drying, and swell by imbibing moisture ; 
but the difficulty of receiving the hypothesis as true lies 1n 
the fact that organic substances may be exposed to a tempe- 
rature below freezing without becoming solid. As cell walls 
and starch swell or shrink most in certain directions, it 
would seem that the molecules composing them are not 
spherical, and as these substances depolarise light, 1t would 
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seem almost certain that they have a crystalline structure. 
There are, however, no grounds for supposing that the mole- 
cules of protoplasm and chlorophyll have any definite form. 

Multiplication of Cells—A living corpuscle of proto- 
plasm is constantly undergoing irregular contractions, and 
these contractions are occasionally so great as to divide the 
corpuscle into two parts. These parts may break away from 
each other, and thus become two independent living beings, 
or they may be held together by secreted matter and thus 
form a tissue. The causes of the contractions which produce 
division of the cells are not yet known, but no doubt 
temperature and the supply of nourishment are two very 
important factors. In all cases it is the living matter that 
divides, and in this way life is transmitted from one being 
to another. All the knowledge we have on the subject goes 
to show the impossibility of life being derived in any other 
way, and thus the rule “omne vivum e vivo” has come to 
be one of the most firmly established principles of Biology. 
When the two divided masses are nearly equal, the process 
of division is called fission ; when one is much smaller than 
the other, it is called gemmation. 


DIVISIONS OF ZOOLOGY 


Animals may be studied from three different points of 
view, and therefore the science of Zoology can be conve- 
niently broken up into three divisions, called respectively, 
Morphology, Physiology, and Distribution. 

Morphology is the study of the form and structure of 
animals; the shape and arrangement of the parts, both 
external and internal. It is entirely observational in its 
method. As, however, the shape and arrangement of the 
parts undergo many and great changes in the early life of 
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an animal, this portion of Morphology is distinguished under 
the special name of Development. 

In the lowest animals—the Protozoa—the body is formed 
of one cell only, which develops directly from the germ > 
but in all the higher animals — called collectively the 
Metazoa—the original cell, called in this case an ovum, 
divides into two, four, eight, &c., parts, which remain con- 
nected, and gradually build up the individual. The ovum 
consists of a mass of granular protoplasm called the vitellus,. 
or yolk, containing in it a clear space, called the germinal 
vesicle, in which is seen a small spot, the germinal spot. 
It is the germinal vesicle that undergoes division, and the 
division may spread through the whole yolk, or it may be 
confined to a portion of it. The cells which result from the 
division, or segmentation, of the germinal vesicle, are called 
blastomeres, and the tissue to which they give rise the 
blastoderm. The blastoderm differentiates into two layers 
of cells, the outer of which is called the epiblast, the inney 
the hypoblast. 

When the segmentation of the yolk is total, the blasto- 
meres form a mass of cells called a morula. The inner 
blastomeres liquify, leaving the blastoderm surrounding a 
hollow cavity. This is called a planula. <A portion of the 
blastoderm now gets pushed in, so that the hypoblast gets. 
enclosed within the epiblast. This is done either by invagi- 
nation or emboly, like pushing in with the finger a portion 
ot a hollow india-rubber ball, or by the cells of the epiblast 
increasing more rapidly than those of the hypoblast, and so 
growing over them; this is called epiboly*. The embryo 
now 1s called a gastrula. When the seementation is partial, 
the blastoderm is small in comparison to the yolk, and grows 


_ * It would appear probable that emboly is only « modification of 
epiboly, 
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over its surface in a saucer-like form. In this case there are: 
no morula nor planula stages, and the gastrula stage is formed 
by epiboly. 

The next step in development is the formation of a. 
third layer—the mesoblast—between the epiblast and the 
hypoblast. From these three layers, all the organs, which, 
taken collectively, form the individual, are derived. All the 
metazoa go through these stages, but afterwards, differences 
appear in the different groups, and as development goes on, 
the divergence between different forms becomes greater and 
sreater. This is the meaning of Von Baer’s law, that: 
“development is from the general to the special.” These 
organs generally develop symmetrically round an axis. 
When the parts correspond on two sides only, the animal is 
said to be bilaterally symmetrical; when the parts corres- 
pond on more than two sides, the animal is said to be 
radially symmetrical. In many cases the parts are repeated 
behind each other along the axis, thus dividing the animal 
into segments, or metameres. In this case, the animal, in 
addition to its bilateral or radial symmetry, is said also to 
possess serial symmetry. From these segments outgrowths 
may arise, called appendages, and these appendages may be 
similar or dissimilar. The appendages are moved by 
muscles attached to them. A muscle may be a continuous 
sheet of muscular fibres lying in one or many directions, 
and surrounding or lining an organ, or it may consist of a 
bundle of fibres free in the middle, and attached at each 
end. In this case the attachment nearest to the axis of the 
body is called the origin of the muscle; that furthest away 
trom the axis, its insertion. A muscle may be attached 
directly, or one or both ends may be produced into a tendon 
composed of white fibrous tissue. 

When, in compariag the development of two different 


8 ZOOLOGICAL EXERCISES. 


animals, we find that an organ, similar at first in both, 
develops differently, we call these organs homologous; they 
have a similar fundamental structure. Such are the fore 
limbs of a bird and a mammal. When we find that in the 
development of an animal, two parts, placed differently 
with reference to the axis of the body, originate similarly, 
these organs are said to be homodynamous, whether they 
develop similarly or not; such are the fore and hind limbs — 
of a vertebrate, or the appendages of an arthropod. When 
two organs of two different animals originate in different 
ways, and yet have the same function, they are said to be 
analogous; such are the gills of a fish and of a crab. 
Analogy shows a merely superficial resemblance, and is of 
little importance in Zoology ; but homology shows a funda- 
mental resemblance, and is of the greatest importance in 
tracing out the relationship between animals. 

Another special department of Morphology is Histology, 
which is limited to the study of the minute structure of the 
tissues. The principal tissues are (1) Connective tissue, the 
substance which connects the different organs together, and 
also separates them one from the other. At first it is a 
cluster of cells with thin walls, and is then known as 
indifferent tissue, as it may develop into any of the follow- 
ing varieties of connective tissue. Cellular tissue, consisting 
of rounded cells. <Aveolar tissue, consisting of a matrix 
with irregularly disposed fibres, leaving wide spaces 
between them. White fibrous tissue, in which the fibres 
are close together, and arranged in bundles, which may or 
may not be parallel; the fibres in both this and areolar 
tissue swell up and become indistinct on the addition of 
weak acetic acid, Elastic tissue, consisting of fibres of a 
yellow colour, which are not affected by acetic acid: 
Cartilage, consisting of more or less rounded cells imbedded 
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in a tough intercellular matrix. Bone is a form of connec- 
tive tissue in which the matrix is impregnated with lime 
carbonate, and phosphate. pitheliwm is the outer layer of 
cells, having more or less thick walls, on any free surface of the 
body, whether that surface be external or internal; when the 
cells are furnished with cilia, it is called ciliated epithelium. 
Glandular tissue is a modification of epithelium, always 
consisting of cells which secrete various substances; they 
either retain their original position between the other cells 
of the layer, or they sink beneath the level of the epithelium, 
and open between the other cells by a fine duct formed by 
the membrane of the cell; they thus form ylands. (2) Mus- 
cular tissue is composed of contractile fibres. It is of two 
kinds, striped and unstriped. Striped muscular tissue 
consists of very long fibres made up of a delicate sheath, or 
surcolemma, enclosing a substance which is closely striated 
transversely ; unstriped muscular tissue is composed of 
elongate or fusiform fibres without any cell wall, and not 
showing any transverse striz, but each containing an elon- 
gated nucleus. (3) Nervous tissue. Nerve fibres are generally 
formed by a medullary sheath surrounding a finely granu- 
lated viscid substance; in some, however, the medullary 
sheath is wanting. Verve cells consist of a nucleated mass 
of granulated protoplasm without any cell wall. These 
cells generally send out long processes, called poles; they 
occur principally in the ganglia. 

Paleontology is a branch of Morphology exclusively 
confined to the study of extinct animals. Taxonomy, or 
classification, is a concise statement of the results of Mor- 
phology. 

Physiology is the study of the functions, or uses, of 
organs. It is essentially experimental in its method, but. 
partly observational as well. The functions of animals are 
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arranged under four heads: (1) alimentation ; (2) reproduc- 
tion; (3) locomotion; and (4) sensation. In its earliest 
form, as seen in the Protozoa, each cell possesses all these 
functions in an imperfect degree ; but in the Metazoa, where 
the original cell divides into an aggregate, division of labour 
commences. Each cell always retains the function of 
alimentation, but most of them lose the power either of 
reproduction, of movement, or of sensation, and these dif- 
ferentiated cells combine together to form organs, or systems 
of organs, which perform the necessary functions for the 
whole individual. 

Nutriment must be in a fluid state to penetrate to all 
the cells in a tissue, consequently those organisms that con- 
sume solid substances must have some apparatus for con- 
verting it into fluid—that is, for digesting it. This is 
called the alimentary system. In the higher animals, 
digestion consists of three different processes. The food is 
first mixed with saliva, which moistens it and converts some 
of the starch contained in it into sugar; it is then acted on 
in the stomach by the gastric juice, a mixture of pepsin and 
acid, which dissolves the nitrogenous substances, and reduces 
the food to chyme; lastly, in the small intestine, the chyme 
receives the secretions of the pancreas and liver, which are 
alkaline, and which complete the conversion of starch into 
sugar, and dissolve the fatty substances* The chyme is 
now changed into chyle, and is in a fit state to be 
absorbed into the circulatory system, which distributes 
the nutrient fluid to the tissues, and carries off the 
products of decomposition. 

A plant manufactures protoplasm by the combination 
of ammonia, water, and carbonic acid, thus :— 


* It is by no means certain that the so-called liver in the Invertebrata 
has the samme frnctions that it has in the Vertebrata. 
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Consequently, for every molecule of protoplasm formed, 69: 
atoms of oxygen are liberated. When, therefore, this proto- 
plasm is decomposed back into the substances from which it 
was formed, an equal amount of oxygen must be absorbed to 
convert the carbon into carbonic acid, otherwise the carbon 
would accumulate in the animal and destroy it. This oxygen 
is introduced into the animal by the respiratory organs,. 
which also get rid of the carbonic acid. The ammonia is 
removed by the renal organ. <A respiratory organ consists 
essentially of a thin membrane, to one side of which is 
applied the fluid containing oxygen, to the other, the blood of 
the animal that has to be oxygenated. If the fluid containing 
oxygen is water, the membrane projects outward as a fold 
into it, and is called a gill, or branchia. If the fluid is air, 
the membrane forms an involution, or sac, in the interior of 
the animal, and is then called a pulmonary vesicle, or 
lung. If this sac is prolonged into tubes, carrying the air 
to all parts of the body, then the tubes are called trachee. 
Those parts of the animal in which the reproductive 
elements are developed are called the reproductive organs, 
or sex glands. The female organs produce ova, which have 
been already described (p. 6); the male organs produce 
spermatozoa, which are usually long filiform bodies with a 
more or less thickened head and have active movements, the 
long body being waved backward and forward. In some 
cases, however, as in some crustacea, the spermatozoa are. 


i ZOOLOGICAL EXERCISES. 


motionless, and are not provided with a long filiform body, 
When both male and female organs are found in the same 
individual the species is said to be hermaphrodite ; when 
they are found in different individuals the species is said to 
be diwcious. The union of one or more spermatozoa with an 
ovum is called impregnation, and the ovum is then said to 
be fertilised. In ordinary sexual reproduction this union is 
necessary for the production of a new individual, but in 
some cases ova are known to develop without the contact of 
spermatozoa. This is called parthenogenesis. Conjugation 
is the coalescence of two similar cells to produce a new 
individual like themselves. IJmpregnation is the coalescence 
of two dissimilar cells to produce a new individual unlike 
either of them. Conjugation is common among the lower 
plants, but in animals it is only found in the Protozoa. 

The muscular and nervous systems, by which animals 
are brought into relation with the outer world, are very 
closely related, and in the hydra are actually different 
portions of the same cell. The chief use of the muscular 
system is to procure food and distribute it over the body ; 
while it is the stimulus supplied by the nerves that causes 
the muscles to contract. 

Two kinds of Infe-—In every animal higher than the 
Protozoa two kinds of life co-exist: (1) the life of each cell or 
tissue life, and: (2) general life. This latter, which is 
ordinarily called life, is due to a combination or co-ordination 
of the individual cells, and if this co-ordination is broken by 
the destruction of any essential organ, general life ceases ; 
tissue life, however, still goes on, until the cessation of the 
supply of nourishment gradually kills each cell. On the 
other hand, while the general life is in full vigour, each cell 
has an independent life of its own—each is born, lives, and 
dies without affecting the general life. It is a life within a life. 
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Distribution is the study of the relations of organisms 
to external conditions—the study of the relation between 
external form, internal structure, and habits of life. It 
enquires by what means animals live, what food they eat, 
why certain species are rare while others are common ; and 
it aims ultimately at answering the questions, How did 
animals get where we now find them? and, Why are they 
not found in other places? It is chiefly observational in its 
method, but experminent can also often be used. An 
examination of the animals inhabiting different parts of 
the world, that is their fawna, has shown that different 
districts are characterised by different animals; and it has 
been found that while some species and groups are almost 
cosmopolitan, others are restricted to small areas. As the 
conditions of life are not evenly distributed over the earth, 
this might have been expected, but it is found that climate 
will account for a comparatively small number of the facts. 
The chief boundaries of species, or groups, are oceans, 
mountains, deserts, and rivers; but it is also found that some 
species are prevented from spreading into an adjacent 
district by that district being pre-occupied by some animal 
in sufficient numbers to consume all the appropriate food. 
These boundaries are called barriers. There are, however, 
several means of dispersal, by which animals can occasionally 
overcome these barriers, the principal of which are winds, ice- 
bergs, drift-wood, the attachment of the ova of fish, molluses, 
&e,, to the feet of birds. Thus the fauna of any particular 
district can be divided into two groups——(1) the aborigines, 
or original inhabitants of the district, and (2) the colonists, 
who have overcome the barriers.* 


* All animals which have come to a country by natural causes are 
called indigenous, while those that have been brought by the agency of 
man are called introduced. 
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But the study of distribution extends back to those 
animals which formerly lived on the earth, and which we 
know now only by their fossil remains, and the study of 
Palseontology has shown us that each species has had a certain 
distribution in time; that is, each came into existence, attained 
its maximum, and gradually became extinct. Each larger 
group has also come into existence at a definite time: some 
have become extinct, while others still exist. There is 
therefore a geological distribution as well as a geographical 
distribution of animals. Unfortunately the geological record 
is necessarily very imperfect. Only the hard parts of 
animals can be preserved. Very large numbers of animals 
live on the land, or in deep water, where they have no 
chance of being buried. Of those that live in favourable 
situations a very small percentage are covered up before they 
are destroyed. Many of the hard parts that are covered up 
are dissolved by the percolation of water through the rock, 
or are obliterated by the action of heat. An enormous 
portion of the sedimentary rocks has been removed by 
denudation, for the denudation must have been at least 
equal to the amount of deposition. A very small portion of 
the fossiliferous rocks is available for our examination ; the 
larger portion is covered with water or other rocks. Of the 
portion that is available, only fragments here and there have 
been as yet examined. Consequently very limited trust can be 
put on negative evidence ; nevertheless an immense amount 
of positive evidence has been accumulated. . 

Geologists have divided geological time into four eras, 
called Eozoic, Palzeozoic, Mesozoic, and Cainozoic, the last 
being the youngest, or the one nearest to the present day ; 
and these eras are subdivided into different periods. These 
periods are not supposed to represent equal lengths of time. 
On the contrary, it is known that they must be very 
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unequal, and the most probable estimate of the comparative 
duration of each is obtained by measuring the thickness of 
the rocks belonging to each. The following table represents 
approximately the relative duration of each period, and 
opposite them are the names of the different sub-kingdoms 
and classes of animals, which, as far as our knowledge goes, 
then made their first appearance :— 


Pliocene ......00- : 
CAINOZOIC < Miocene.......... HH 
LO ee | EO Ae PE re Placental Mammalia 
Cretaceous....... 
WERBOZORC he ABRs ke cece FEL ves cecedigacccsuepbatets Aves 
TESST Al hiacates Fed cacao Senne caeeeene kal Marsupial Mammalia 
EPPO rn AS Reptilia 
Carboniferous Ry cacuctonsesecuenesnenaxs Amphibia 
oth itekweaaip onan hese, Insecta 
PAL#ozoIc4 Devonian....... 
Vertebrata ......... Pisces 
Upper Silurian 
Meise cdadvcnnvanaany sans Gasteropoda 
| Lower Silurian ZV ....scsseeeseeseeeeeees Lamellibranchiata 
EP TT eh eee e Polyzoa 
Tr eer rree er Actinozoa 
4 | Mollusca....cesa++s- Pteropoda 
Arthropoda ........ Cephalopoda; Crustacea 
Cambri Kchinodermata...| Brachiopoda 
gor lida = oi Sai OV OEIIES Gos sates anes Porifera 
EOZOIC...... { Celenterata........|Hydrozoa 


Pratozowd... Secaises Rhizopoda 


( Laurentian..... 


Another result of the study of Paleontology, is to show 
that the present geographical distribution of animals dates 
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back to a period anterior to the origin of existing species, 
and when the physical geography of the earth was some- 
what different to what it is now, and when therefore the 
barriers were not all in their present positions, and we must 
take this into account when dividing the earth into zoo- 
geographical districts. Professor Huxley, divides the world 
into the following four regions :— | 

1. The Arctogeal Region, including North America, 
Europe, Africa, and Asia as far south as Java and 

Borneo. It is characterised by the presence of 
catarrhine monkeys, lemurs in the tropical portions 
of the old world, by the elephant and camel, either 
living or fossil, and by the presence of insectivora, 
oxen, and ganoid fishes, and also by the absence 
of marsupials, except two species of opessum in 
North America. It is divided into four sub-regions ; 
(1) the Nearctic, comprising North America, charac- 
terised by the prong-buck, musk-rat, tree porcupine, 
turkey ; (2) Palwarctic, containing Europe, Northern 
Asia, and North Africa to the Sahara, characterised 
by the sheep, goat, and pheasant ; (3) the Oriental, 
comprising India, China, and the Indian Archipelago 
to Java and Borneo inclusive, characterised by the 
musk-deer, cattle, hornbills, peacock, and jungle-fow!; 
and (4) the Ethiopian, comprising the remainder of 
Africa, and Arabia. It is characterised by the 
giraffe and hyrax; and by the absence of bears, 
camels, deer, goats, and sheep. 

2, The Austro-columbian Region, comprising all the 
American Continent south of Mexico. It is charac- 
terised by the presence of platyrrhine monkeys and 
marmozets, llamas, peccaries, cavies, sloth, ant-eater, 
todies, trogons, humming birds, and curassows : also 


THEORY OF DESCENT. 17 


by the absence of insectivora, goats, antelopes, oxen, 
cranes, and bustards. 

3. The Australian Region, comprising Australia, Tas- 
mania, New Guinea, and the Indian Archipelago as 
far as Celebes and Lombok. It is characterised by 
the presence of monotremata, marsupials, birds of 
paradise, honey-eaters, cockatoos, lyre-bird, mega- 
podes, and ceratodus ; also by the absence of placental 
mammals except a few rodents and bats, and the 
absence of vultures, woodpeckers, and tailed amphi- 
bians. 

4. The Novozelanian Region, including New Zealand and 
the neighbouring islands. It is characterised by the 
absence of all mammalia except seals, whales, and 
two bats, the absence of reptiles except a few lizards, 
and the absence of amphibia except one frog: by the 
presence of moas, kiwi, kakapo, and the tuatara 
(Sphenodon) which forms a peculiar order of reptiles, 
connecting the lizards and crocodiles, and is allied to 


animals that lived in the triassic period. 
The geographical relations of the New Zealand Fauna, Hutton, 
Trans, N. Z. Institute, v. p. 227. 


THEORY OF DESCENT. 


If it be true that all life has proceeded from previously 
existing living matter, it follows, as a matter of course, that 
all the various kinds of animals and plants on the earth are 
due to successive variations from an original organism, that 
is to descent with modification, and there are many reasons 
for thinking that this really is the case. | : 

That offspring differ from their parents, and thus give 
rise to varieties, is a well-known fact, and it is impossible to 


place any limit on this variation, The study of Palzeonto- 
Cc 
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logy has taught us that there has been a constant succession 
of life on the earth, without a break, and that the lower 
organisms have preceded the higher; that we cannot find 
transitional forms between most of the species, and that 
whole groups of animals seem to have appeared suddenly is 
no doubt due to the very imperfect state of the geological 
record. In many cases we have perfect transitions between 
living species, making it impossible to assign limits to 
each. All these facts are, no doubt, compatible with the 
idea that each species has been separately created ; but it is 
highly improbable that species should have been specially 
created on the same plan as would naturally have resulted 
from descent with modification. There are also many 
classes of facts which are inconsistent with the special 
creation theory. For example, species of the same genus 
often vary in the same way, and it appears almost certain 
that these variations must be due to inheritance. Abnor- 
mally developed organs vary more than normally developed 
ones, owing, doubtless, to their having been lately de- 
veloped; this would not be the case by the special creation 
theory. Many animals possess rudimentary and useless 
organs which they ought not to have, on the supposition of 
special creation, but which are easily explained by the 
theory of descent. Islands generally have a considerable 
number of species that are found nowhere else, but these 
species are always related to the animals on the mainland, 
and they belong to groups, such as birds, which possess 
considerable powers of locomotion ; it is certainly absurd to 
suppose that, on islands, only those species should have been 
created which belong to groups possessing sufficient powers 
of locomotion to get to the islands. 

The question is thus summed up by Professor Sachs :— 
“The theory of descent involves only one hypothesis that is 
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not directly demonstrated by facts, namely, that the amount 
of variation may increase to any given extent in a sufficiently 
long time. But since the theory which involves this 
hypothesis is sufficient to explain the facts of morphology 
and adaptation, and since these are explained by no other 
scientific theory, we are justified in making the assumption.” 

If the differences between species are not due to descent 
‘with modification, then life must have originated many times 
upon the earth. Not a single reason can be adduced in 
favour of this, and all investigation into the ultimate 
structure and embryology of animals tends to prove the 
unity of all organised beings. 

But although we may feel sure that the differences 
between animals are due to descent with modification, we 
cannot at present find any adequate cause to account for the 
modifications. There is no known cause for the differentia- 
tion and specialization of function in cells; nor for the 
tendency which each ovum possesses to develop into a 
determinate form, nor is there any known cause for the 
origin of varieties. But, varieties being given, a cause is 
known which might in many cases make their offspring 
diverge until they became so different as to be regarded as 
belonging to different species or genera. This is called 
Natural Selection. Every year many more animals are 
born than can possibly live. This is obvious when we 
reflect that if all the young of any pair of animals lived 
their progeny would soon fill the world. The reasons that 
so many die are (1) inability to feed themselves, (2) inability 
to protect themselves. This gives rise to a struggle for 
life, the weak, the foolish, or the imperfectly adapted to the 
surrounding circumstances being the ones to suffer. Any 
animal possessing, by variation, better means of procuring 
food, or better means of protecting itself than are possessed. 
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by its relatives, will succeed better in life, and will leave 
more offspring, some of whom may possibly inherit these 
special properties in a more itensified degree, and may pass 
them on to their offspring still further developed. In this way 
varieties may beceme species. But natural selection alone 
is quite Inadequate to explain the origin of all species, and 
we cannot doubt but that it acts in conjunction with some 
unknown law that makes towards a pre-determined end. 


CLASSIFICATION. 


When we remember the enormous number of animals 
found on the earth, the necessity for a classification which 
will divide them into groups, and so enable us to condense 
our knowledge, is obvious. But the sole aim of classification 
is not convenience of reference; it has the higher aims of 
showing the relations between the different groups, and of 
tracing out the branches of the family tree which connect 
all animals together; in other words, of exhibiting the 
pedigree of all existing animals. As the final construction 
of this genealogical tree could only be the result of an 
almost complete knowledge of all animals, both living and 
extinct, it follows that we shall never have a perfect classi- 
fication, because we can never have a sufficiently complete 
knowledge of extinct animals; and it also follows that at 
present our classificatory tree is incomplete and provisional, 
and 1s constantly being changed as our knowledge increases. 

Animals are divided into sroups called sub-kingdoms 
(or phyla), classes, orders, families, genera, species, and 
varieties ; the first groups being larger than those that 
follow. All, however, are conventional or artificial, A 
genus is generally made when several species exist that 
exhibit some peculiarity; but genera, families, and even 
orders, may consist of but one species. Formerly each 
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species had a separate name, but in 1766 Linnzeus introduced 
the binomial system of nomenclature, by which each species 
of a genus had the same generic name, while each was 
distinguished by its own particular specific name in addition. 
Owing to the number of naturalists at work in different 
parts of the world it constantly happens that a species gets 
two or more names. When these errors are detected the 
first published name is always taken as the true name, and 
the others are called synonyms. Often again a species may 
be referred to a wrong genus, and when this is corrected the 
incorrect name stands as a synonym. In order to obviate 
uncertainty as much as possible, it is usual to write the 
name of the author after the name that he used for any 
particular species, whether it was the true name or a 
synonym. For example the little garden warbler, or riro-riro, 
was first described by Quoy and Gaimard, the naturalists of 
the French Astrolabe Expedition, under the name of Curruca 
igata. Subsequently it was described in the zoology of the 
voyage of the Erebus and Terror as Gerygone flaviventris, 
Gerygone being the generic name applied by Mr. Gould to a 
small group of Australian birds. The same bird was again 
described by Pelzeln in the zoology of the voyage of the 
Novara as Gerygone aucklandica. In 1865 Dr. Buller 
described, under the name of Gerygone assymilis, a bird 
which he thought to be distinct from G. flaviventris, but 
which all ornithologists now think to be the same; and 
lastly, Mr. Sharpe, of the British Museum, found that our 
bird had not been correctly placed in the genus Gerygone, 
but, together with some other birds from Australia, New 
Guinea, and the neighbouring islands, belonged to a distinet 
genus, which he called Pseudogerygone ; so that the correct 
name of our warbler is Psewdogerygone agate, and the 
synonymy stands thus :-— 
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Pseudogerygone igata. | 

Curruca igata, Quoy et Gaim., Voy. de l'Astrol. Zool. I. p. 20I,. 

pl. 11, f. 2. 

Gerygone flaviventris, Gray, Voy. Ereb. and Terror. Birds, p.5, pl. 4. 

Gerygone aucklandica, Pelz., Reise d. Novara. V6g., p. 65. 

Gerygone assimilis, Buller, Essay on N. Z. Ornith., p. 9. Trans, N. Z.. 

Inst., vol. I. 

Psudogerygone igata, Sharpe, Catalogue of Birds, IV., p. 218. 

This seems to be a very elaborate system, but it is absolutely 
necessary to ensure accuracy. 

Linnzeus, and all who preceded him, attempted to 
arrange animals in one line, but at the commencement of 
the present century Cuvier introduced what is called the 
type system. He ascertained that animals were constructed 
on several different plans, which formed more or less parallel 
lines. He allowed four of these plans, and he called the sub- 
kingdoms thus formed, vertebrata, mollusca, articulata, and 
radiata. In each of these sub-kingdoms, however, a linear 
arrangement was followed. In 1845, Siebold separated the 
protozoa from the radiata, and divided the articulata into. 
arthropoda and vermes. In 1848, Leuckart divided the 
radiata into echinodermata and ccelenterata ; and about the 
same time, Milne-Edwards constructed the sub-kingdom 
molluscoida. There were now eight types or sub-kingdoms. 
In 1860, Darwin showed that community of descent was 
the common bond that linked animals together; and in 
1866, Haeckel showed that the five higher groups must be 
looked upon as diverging descendants, or phyla, from the 
vermes, thus making the first rough sketch of the genea- 
logical tree. 


DIFFERENCES BETWEEN PLANTS AND ANIMALS. 


Fifty years ago, no one thought that any difficulty 
could arise about distinguishing plants from animals, but. 
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not only is it now well known that no line can be drawn 
dividing the two kingdoms, but there is reason to be- 
lieve that some organisms which at one period of their 
lives most resemble animals, are at another time as distinctly 
vegetable. It has been proposed that all these doubtful 
organisms should be united together to form a new kingdom, 
neither animal nor vegetable, to be called the Protista, but 
this proposal has not been favourably received. 


The following are the chief points of difference, none 


of which, however, will hold good in all cases :— 


js 


2. 


With the exception of some parasites, animals generally 
possess a mouth and stomach. 

Animals contain a larger amount of nitrogenous com- 
pounds than plants. 


. Animals do not liberate oxygen when exposed to sun- 


hight. 


. Plants produce protein, animals consume it. 
. Vegetable cells secrete a wall of cellulose, while animal 


cells remain more or less naked. 


. Voluntary motion is chiefly confined to animals. 
. Sensation, as usually understood, is confined to the 


higher animals. 


PAK? -£ 
THE MICROSCOPE, 


A compound microscope consists of four parts. 


1, The body, which contains the magnifying apparatus. 

2. The stage, which supports the object that is to be 
examined. 

3. The mirror, which illuminates the object. 

4, The stand, which connects the whole together. 


The Bopy consists of a tube, one end of which carries 
the objective, the other the eye-piece. The objective is placed 
at that end next the object to be examined. It consists of 
an achromatic combination of lenses, and may be either a 
high or a low power. The higher the power, the more the 
objective magnifies, the smaller are the lenses, and the 
shorter is the focus. So that the higher the power the 
nearer has the objective to be brought to the object in order 
to see it. The European opticians give their objectives 
numbers—the higher the number the higher the power; 
but the numbers of the different makers do not correspond. 
Thus a No. 7 of Siebert equals a No. 9 of Hartnack. The 
English and American opticians call their objectives by the 
supposed focal length of a single lens that would magnify the 
same. Thus, a glass that will magnify about 50 diameters 
with a body 10 inches long, is called a “ one-inch,” and one 
that magnifies about 200 diameters is called a “ quarter- 
inch.” Hartnack’s No. 4 is about equal to an “inch;” his 
No. 7 toa “ 3th;’ and his No. 9 toa “th.” 
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The eye-piece consists of a short tube, which slips into 
the body. The lens at the end next to the objective is 
called the field-glass, and that next the eye the eye-glass. 
The eye-glass magnifies the image formed in the eye-piece 
by the field-glass. Eye-pieces may be either deep or shallow. 
The deeper the eye-piece, the more it magnifies, and the 
shorter it is. LEye-pieces are usually numbered 1, 2, &e» 
No. 1 being the shallowest ; but sometimes they are lettered 
A, B, C, &., in which case A is the shallowest. 

The magnifying power of a microscope may be varied 
in three ways: 

1. By changing the objective. 

2. By changing the eye-piece. 

3. By altering the length of the body by means of the 
draw-tube. The longer the body the more the mi- 
croscope will magnify. 

If the magnifying power is increased either by pulling out 
the draw-tube, or by putting on a deep eye-piece the light 
is at the same time diminished. For as an objective can 
only admit a certain quantity of light, the more the image 
it forms of an cbject is magnified, the more the light is 
spread out, and consequently the less must be the amount 
on an equal area. If, therefore, a large increase in mag- 
nifying power is required, a higher objective, which admits 
more light, must be used. 

The STAGE. The object to be examined is almost always 
placed in a drop of water, or other fluid, on a glass slide, 
generally made three inches long by one broad. In order to 
prevent the curved surface of the water affecting, by its 
refractive power, the distinctness of the image, it is usual 
to cover the object with a cover-glass, made expressly for 
this purpose, of very thin glass. 
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The stage is always fixed in a plane, at right angles to 
the axis of the body. It is provided either with a pair of 
spring clips for holding the slide, which can be moved about 
below them, or with a movable object-carrier. In the larger 
microscopes this object-carrier has mechanical movements, 
Below the opening in the stage there is a revolving dia- 
phragm-plate pierced with circular holes of different sizes, 
which, by revolving the plate, can be brought in succession 
under the central opening of the stage. One part of the 
plate is not pierced, and is sufficiently large to cover the 
whole of the stage opening, thus preventing the access of 
light from below. This is used when opaque objects are 
being examined by reflected light. The holes in the dia- 
phragm-plate serve to regulate the amount of light thrown 
on the object. With all powers objects are often more 
distinctly seen when some of the light is cut off by using 
the smaller apertures of the diaphragm plate. 

The MiRRoR is concave, and is fixed in a support that 
enables it to be placed in any position. Ordinarily it 
should be placed so that the axis of the body passes through 
its centre—(direct illumination); but occasionally it is 
useful to turn it on one side, altogether out of the axis of 
the instrument, so that it may throw light obliquely on to 
the object—(oblique illumination). In large microscopes 
there is a sub-stage for carrying an achromatic condenser, a 
polarizer, or other illuminating apparatus, in which case one 
side of the mirror is made flat to be used with them. 

The Stand. The stage is always fixed firmly to the 
stand, and the body is moved to or from it according to the 
magnifying power that is being used. In all good micro- 
scopes there are two movements to the body :— 

1. The coarse adjustment, by which the body can be 
placed nearly in the required position. 
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2, The fine adjustment, by which the exact distance 
between the objective and the object is obtained. 

The coarse adjustment is made either by a rack and 
pinion movement, or by the body sliding in a tubular 
portion of the stand. The first is the easier for a beginner, 
but the second becomes quite as easy with a little practice, 
care being taken when sliding the body to twist it round at 
the same time. With low powers the instrument can be 
easily focussed with the coarse adjustment alone, but with 
high powers the fine adjustment is necessary to get clear 
definition. This is always accomplished by means of a 
screw working against a spring. 

The stand is generally furnished with a hinge, by which 
the body can be placed either in a perpendicular or in an 
oblique position. With short bodied microscopes it 1s 
convenient to have the body perpendicular when the instru- 
ment is being used only occasionally, or for short periods, 
such as when examining tissues. But when long-continued 
observations are necessary it is very advantageous to have 
the body of the instrument inclined. 

PracticaL Hints. For most kinds of zoological re- 
search a large and expensive microscope is quite unnecessary ; 
but the objectives should be good, of small aperture, and not 
combinations of lenses which are separated for the lower 
powers. The stand should be strong and steady on the 
table, the adjustments should work smoothly, and when the 
fine adjustment is being used there should be no apparent 
movement of the object. 

The eye-pieces often get dusty. This may be ascer- 
tained by turning round the eye-piece in the body of the 
microscope, when any dirt on it will be seen to turn round 
also. This dust is best removed by means of a dry camel- 
hair brush. The objectives, especially the higher powers,. 
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sometimes get dirty by focussing them down into the fluid 
containing the object. This must be removed by breathing 
on the objective, and rubbing with a handkerchief. When 
the object cannot be brought out distinctly, the state of the 
objective should always be examined. 

The Work Taste. This should be strong and steady, 
and not less than three feet by two. If work is done by 
daylight it should be placed in front of a window that is 
not exposed during working hours to the direct rays of the 
sun. <A dissecting microscope formed by a single lens 
Supported on an arm is necessary. If the work is at night, 
a lamp and a bull’s-eye condenser must also be provided. 
The dissecting microscope should be placed on the middle of 
the table; the compound microscope on the right. In 
working at night the lamp should be placed in front of the 
dissecting microscope and ten or twelve inches from it. The 
condenser should be close (between two and three inches) to 
the lamp, with its flat side turned to it, and arranged to 
throw a parallel beam of light on to the dissecting trough. 
The mirror of the compound microscope must be also 
suitably arranged. A microscope lamp with a dead white 
porcelain shade is very convenient, not only can it be set at 
any height required, but the shade protects the eyes from 
the light, and the head from the heat. 


EXERCISE I. 


ad, Take a glass slide and clean it carefully with a linen 
handkerchief. Then take a thin class cover and clean 
it with the handkerchief between the finger and 
thumb of the right hand. It requires a little caution 
not to break the glass. With the handle of a 
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mounted needle place a drop of clean water on the 
centre of the slide. From the frayed edge of a hole 
in your handkerchief, cut with scissors a very small 
fragment of linen thread, and place it in the drop of 
water. Place the slide on a piece of dead black 
paper, and with a pair of mounted needles tease out 
the linen thread as much as possible. Cover it 
gently with the cover-glass. Take up the surplus 
water round the margin of the cover-glass with a 
slip of blotting paper. Take up so much of the 
water that the slide can be held perpendicularly with- 
out the cover-glass slipping off If, however, the 
first drop of water was not sufficient to fill the whole 
of the space between the cover-glass and the slide, 
take up another drop with the handle of the needle, 
put it on the slide close to the cover, and let it run 
in under the cover. If there now [should be too 
much, remove the surplus with blotting paper. 

b. Incline the body of the microscope to a convenient 
angle. Screw on the inch objective. Put in the 
shallowest eye-piece, and close the draw-tube. Centre 
the mirror with the axis of the body, and arrange it 
so that a good light passes up the instrument. The 
easiest way of doing this is to look at the lower 
surface of the stage, and move the mirror until the 
light is thrown through the central opening; then 
looking through the eye-piece, a very little more ad- 
justment will give the best illumination. Turn on 
the largest aperture of the diaphragm-plate. | 

c. Draw back the body. Place your prepared slide on the 
stage, and gradually focus down until you see the 
object. Move the slide about on the stage while you 
are examining the linen fibres. This requires some 
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practice, as the microscope inverts the object, and 
consequently the movements of the object appear to 
be opposite to those of the hand. Select some spot 
on the object, and place it in the centre of the field. 
Try this several times with different portions of the 
object. Pull out the draw-tube. Focus for the new 
magnifying power. As the magnifying power is 
greater, the objective will have to be approached to. 
the object. Close the draw-tube. Focus. Put in 
the second (deeper) eye-piece. Focus. Pull out the 
draw-tube. Focus. Again practice the manipulation 
of the object on the stage. Put in the first (shal- 
lower) eye-piece, push in the draw-tube, and focus. 


d. Unscrew the inch objective, and put on the quarter. 


Go again through the whole process as detailed in ¢. 
In focussing, use the coarse adjustment until the 
object is indistinctly seen, then use the fine adjust- 
ment to secure good definition. Draw back the 
body, and take off the objective. 


e. Put on the inch objective. Focus. Revolve the dia- 


phragm plate with the finger, and observe the effect. 


fj. Turn the diaphragm plate so that its largest aperture 


is under the stage opening, or remove it altogether if 
the construction of the microscope admits of it. 
Throw the mirror as iar as possible to one side, and 
then direct the light from it on to the object. 
Notice the effect. If done properly, the linen fibres 
will shine out brilliantly on a dark back-ground. 


A knowledge of the appearance of linen fibres is neces- 


sary, as they often get by accident on to a slide, and might 
puzzle the student, or even lead to erroneous conclusions. 
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EXERCISE IT. 


a. Place a small quantity of fine bread crumbs on to a 
dry slide, and examine with alow power. Not much 
will be seen, the crumbs looking black. 

b. Remove the slide from the stage; put a drop of water 
on to the crumbs; cover with thin glass; gently 
press the cover down with the handle of a needle; 
take up the surplus water. Examine with the same 
power as before. The bread crumbs will be found to 
be more or less transparent, their shape can be easily 
made out, and numerous starch granules will be seen 
floating about in the water. The reason the bread 
crumbs can be seen better in water than in air, is 
because the refractive power of water approaches 
nearer to that of starch. Almost all transparent 
objects are seen better in fluid than when dry. , 


EXERCISE III. 


a. Take the head of a fly and put it onaslide dry. Place 
the body of the microscope perpendicular, and close 
the diaphragm plate. Place the slide on the stage, 
and, if working by artificial light, throw a beam on 
to the fly’s head with the bull’s-eye condenser. Ex- 
amine with the low power. 

b. Take up the head of the fly in a pair of forceps; dip 
it in water, and replace on the stage. Examine it 
with the low power. Nothing can be made out, 
owing to the wet surface of the object reflecting the 
light, An opaque object should therefore always be 
examined quite dry. 
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EXERCISE IY. 


a. 'Take two slides and two cover-glasses. Clean as in 
Exercise I. Shake a little gum and water up in a 
bottle until it is in a froth, and place a drop on the 
centre of one of the slides. Put on a cover-glass. 
On the other slide, put a drop of milk and water, 
and cover. 

6. Put on the quarter objective, and arrange the mirror 

| for direct illumination. Place the slide of gum-water 
on the stage and examine. A number of small 
circles with dark edges will be seen. These are air- 


bubbles. Select one and focus accurately. Then, 
placing the finger on the fine adjustment, raise and 


depress the objective. Notice carefully the effect. 
When the objective is depressed, the air-bubble will 
become more luminous; when the objective is raised, 
the air-bubble will become darker. This is because 
air has a lower refractive power than water, and the 
rays of light from it diverge as they ascend. 

c. Draw back the body, remove the slide*, and place the 
slide with milk on the stage. On examination, this 
will be found to contain a large number of small oil 
globules. Go through the same process as described 
in 6. The effect will be just the opposite. When 
the objective is depressed, the oil-globules will become 
darker ; when it is raised, they will become more 
luminous. This is because the oil is more highly 
refractive than the surrounding water, and conse- 
quently the rays of light converge as they ascend. 


* When a high power is in use, always draw back the body before 
attempting to remove the slide, for fear of both the slide and the objective 
being damaged, 
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In this manner, vacuoles can be distinguished from oil- 
globules in the bodies of the infusoria, &c., and tubes can 
be distinguished from solid rods. 


EXERCISE V. 


a. Mix a little indigo from a water-colour box in water, 
put a drop on a slide, and cover. Examine with 
your highest power, the deepest eye-piece, and the 
draw-tube pulled out. Notice the smaller particles 
of the paint. They will be seen to have a jerky, 
dancing kind of movement in no one particular 
direction. These movements are called “ Brownian 
movements ;’ they will go on for ever, provided the 
slide does not dry up. The cause is purely physical, 
probably the mutual transference of heat between 
the particles and the water. It must be carefully 
noticed, so as not to mistake it for vital movement. 


EXERCISE VI. 


a. Place a small piece of sea-weed in a wine-glass of salt 
water, and let it remain two or three days until it 
begins to decompose. Place a very small fragment 
on a slide with a drop of the water it was in; tease 
it out with needles, and put on a cover-glass. 

b, Examine first with the inch objective, and then with 
the quarter*. Numerous infusorians will be seen 
swimming about by means of their cilia. 

* In almost all cases an object should be examined with a low power 


before looking at it with a high power. Not only is the general form and. 
structure better made out with a low power, but portions may be selected. 
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c. Mix a little indigo with salt water. Take a drop up 
in a fine brush. Place the edge of a piece of 
blotting-paper against the lower edge of the cover- 
glass, and apply the brush containing indigo to the: 
upper edge. A current will at once be set up under 
the cover-glass which will carry in the indigo. Re- 
move the brush and blotting paper. Watch the 
infusoria, and notice the currents caused by their 
cilia. Careful observation will show that many of 
the infusoria swallow the indigo, and by this means. 
their alimentary system can be distinguished. 


EXERCISE VIL. 


a. Take a very small fragment of the flesh of cooked meat 
and tease it out ona slide in a drop of water with two 
mounted needles. Get it as fine as possible. Put on 
a cover-glass, and examine first with the inch, then 
with the quarter objective. It is striped muscular 
tissue, made up of bundles of transversely striated 
muscular fibres. Each fibre can be broken up into 
jrbrillee. 


EXERCISE VIII. 


a. Collect out of a rock pool at low tide several bunches of 
fine, much branched sea-weed, taking care to shake 
them as little as possible in the pool. Wash them 


for examination with a high power, and placed in the centre of the field. 
Much time is often lost in attempting to find an object with a high power 
which might be found at once with a low power, and then, if placed in 
ae centre of the field, will be found in the field when the high power 15 
put on, 


THE MICROSCOPE. oD 


out one by one in a tumbler of sea water. Many 
minute crustacea will be found to come out of them. 
Take a very small piece of cotton wool, dip it into 
sea water and tease it out on a glass slide until it 
covers a space the size of one of the thin glass 
covers. Catch with a dipping tube* one of the 
small, transparent, shrimp-like amphipods. Drop the 
contents of the dipping-tube into a watch-glass, and 
remove the amphipod from the watch-glass, and 
transfer it to the cotton wool on the slide by means 
of a small camel-hair brush. Cover with thin glass, 
and see that the water on the cotton wool is neither 
too much nor too little. 

6. Examine with the inch, and afterwards with the quarter 
objective. On the back, just behind the head, the 
heart will be seen pulsating. Notice the valves. In 
various parts of the body, particularly in the legs, 
the circulation of the blood corpuscles can be well 
seen. The dark radiate spots on the integument are 
pigment spots. 


The amphypods are small crustacea with foot-jaws, 
sessile eyes, and respiratory organs attached to the thoracic 
limbs, of which there are seven pairs. 


For the New Zealand species, see Miers’ Catalogue of the Crustacea 
of New Zealand, p. 117 (Geological-Survey Department, 1876), and G. M, 
Thomson, Transactions N.Z. Institute, vol. XI., p. 235. 


* A dipping tube is a glass tube open at both ends. You place your 
finger over one end, and bring the other end near the object to be caught ; 
then on removing your finger, a current of water rushes up the tube 
carrying the object in with it. 


PART II.—MORPHOLOGY, 


EXERCISE I. 


THH SEA ANEMONE. 


Sub-kingdom—C@LENTERATA. Class—ACTINOZOA, 


1. External form.—Place a living animal in a tumbler of 
sea water. When fully expanded, notice the colwmn, 
with rows of small warts, attached by its base to the 
rock from which it was removed. At the upper end 
of the column is the disc, surrounded by rows of 
tentacles. In the centre of the disc is an elongated 
opening, the mouth. Touch the mouth ~with the 
handle of a mounted needle or knife; the tentacles 
immediately close over it. 

2. Internal structure——When the tentacles are again 
fully expanded, drop a few drops of corrosive subli- 
mate dissolved in water or alcohol into the tumbler.* 
When quite dead, fasten the animal to a leaded cork 
by a pin passed through the mouth. Introduce the 
scissors into the mouth, and cut open the animal 
longitudinally ; open the two halves and pin them 
out with small pins.+ 


* Corrosive sublimate is a powerful poison. The same effect may be 


obtained by adding alcohol in very small quantities to the water, but the 
animal takes longer to die. Mr. Gosse recommends stupefying the animal 
by the addition of laudanum, drop by drop. ; 

} If the animal is not quite dead, the muscles of the body-wall will 
contract so strongly on being touched, that it will not be possible to make 
out the mesenteries, 
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2 Place the cork, with the animal on it, in a saucer, and 
cover with water. Examine with a dissecting mi- 
croscope. Notice the digestive, or gastric tube extend- 
ing from the mouth half way down the animal. 
Below it notice the convoluted craspeda, margining 
the mesenteries. 

4. Lift the edge of the gastric tube with the forceps, and 
notice that it is fastened down to the body-wall by 
the mesenteries. Cut these with a knife close to the 
gastric tube, which should be then turned back over 
the tentacles. Notice the yellow, or red, reproduc- 
tive organs, on the mesenteries. 

Snip off with the scissors one of the tentacles ; lay ib 
on a glass slide in a drop of water; put on a cover- 
glass, and gently press it down with the handle of a 
mounted needle. Observe the internal substances 
escaping through the terminal pore of the tentacle. 
Examine with the microscope, using first the inch, 
and afterwards the quarter-inch objective. Notice 
the olive coloured granular corpuscles of the nutritive 
fluid (chylaqueous fluid), and the elongated elliptical 
thread-cells. Some of the larger corpuscles contain 
oil globules. The thread-cells are transparent and 
colourless ; careful examination will show the filament 
coiled up inside some of the cells, while in others it 
will have been shot out. 

6. With the scissors snip off a small portion of one of the 
craspeda, and with the forceps place it in a drop of 
water on a slide. Cover, and examine with the 
quarter objective. Notice the thread-cells similar to 
those in the tentacle, 

7. In the same way examine a portion of the reproductive 
organs. If these are mature, either ova or sper- 
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matozoa will be found. In the female, notice in the 
ova the clear space called the germinal vesicle, which 
contains the germinal dot. In the male, notice the 
long filiform spermatozoa, with a very minute head 
at one end.* 

8. Cut off a small portion of the body-wall of the animal. 
Place it with the exterior side upward on a slide in 
water. With a brush, or by scraping with a knife, 
remove the outer skin—the ectoderm—and_ place 
portions of it on another slide. Place a cover-glass 
on the slide containing the portion of the body-wall, 
and with the handle of a needle press it firmly down, 
so that the preparation may be well squeezed out. 
Examine with the quarter inch, and by focussing 
up and down through the preparation, notice the two 
sets of muscular fibres crossing each other at right 
angles. The outer (upper in the preparation) fibres 
are more strongly marked, and lie transverse to the 
leneth of the column. The inner fibres are longi- 
tudinal, and are not so well marked. This muscular 
layer is the mesoderm of the animal. The endoderm 
is the internal layer of ciliated epithelium, and 1s 
difficult to make out. 

9. Take the slide with the fragments of skin, mount m 
water, cover, and examine with the quarter objective, 
notice the pigment spots, and thread cells. 

* If the student wishes to see moving spermatozoa, he must take a 
living animal, cut it in two, and examine the reproductive organs in sea 


water, In the same way he may see ciliary motion on the tentacles. — 
Fresh water destroys ciliary movement. 


EXERCISE IL. 
THE ROCK STAR-FISH (Asterina vegularis). 


Sub-kingdom—HCHINODERMATA. Class—STELLERIDA. 


1. External form.—Place the animal, oral surface down- 
ward, in a saucer-full of salt water, and turn it so 
that the madreporic tubercle is next to you. Observe 
the anus—slightly to the left of the centre.* Notice 
the dermal plates or ossicula, covered with short blunt 
spines, arranged transversely, in more or less curved. 
rows over the disc, and in oblique rows near the 
margin. Observe, with the dissecting microscope, 
the delicate membranous tubules which project 
through the pores between the ossicula, and move 
about. These belong to the vascular system, and 
are probably respiratory in function. There are no 
pedicellariz. Turn the animal on its back, and 
observe the five radiating ambulacra, each with four 
rows of tube-feet and bordered on either side by a 
single row of spines. 

2. Internal structure.—Remove the animal from the 
water and pin it, oral side downward, to a leaded 
cork. With a knife make a transverse cut through 
the integument, or perisoma, near the tip of one of 
the rays, and carry this incision all round the animal 
above the flat part of the inter-radial spaces. 


* The anus is more readily seen in light-coloured specimens than in 
dark ones, but it is present in all, 


40 ZOOLOGICAL EXERCISES. 


3. Place the animal and cork again in the saucer, and 
cover with salt-water.* Lift the integument of each 
ray in succession, and detach as far as possible the 
brown or bluish-green radial coca from the upper 
integument by breaking the folds of the mesentery 
which supports them. The yellow, or brownish re- 
productive organs will be seen hanging from the 
dorsal, or aboral surface at each inter-radial angle. 
Inside each of these organs is a vertical calcareous 
plate—the inter-radial septa—which connect the 
two surfaces. With a knife cut through these in 
succession, leaving the one next the madreporic 
tubercle until the last. Cut this very carefully so as 

~ not to injure the madreporic canal, or stone canal, 
which lies just inside of it. With the scissors cut 
through the dorsal integument up to the madreporic 
tubercle, from the side nearest to it, and then cut 
carefully close round it, so as to detach it from the 
resi. 

4. Gently raise the integument on the side opposite to the 
anus. Notice the short intestine running up to the 
anus, and the dark bluish, or brownish-green iter- 
radial coeca, or rectal cseca, opening into it. Cut the 
intestine with the scissors a little below these ceca. 
Remove the whole of the dorsal integument, and 
place it, exterior side downward, in another saucer of 
water. 

5. Take the dorsal portion. Examine the inter-radial 
ceca. With a fine brush spread them out and notice 
their number. Cut off a small portion and examine 
with the microscope. The function of this organ is. 
probably hepatic. 


* Fresh water will do, but it stops all ciliary movement. 
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6. With the forceps carefully remove the inter-radial czeca. 
Observe the vascular system lying on the interior of 
the perisoma. From the centre radiate five vessels, 
which pass between the calcareous inter-radial septa. 
Each of these, when it gets beyond the inner edge of 
the septum, divides into three, the centre of which 
passes along the middle of the ray. All three send 
out branches on either side, which are connected with 
the membranous tubuli seen when examining the 
exterior of the animal. 

7. Pass a needle through the anus from the outside. Ob- 
serve its position from the inside with reference to 
the madreporic tubercle, and the centre of the dorsal 
vascular system. 

8. Examine the reproductive organs. They consist of 
ten bunches of tubuli, arranged in five pairs at each 
of the inter-radial angles, just outside the inter- 
radial septa. The tubuli of each bunch empty 
themselves into a single efferent duct, which opens 
exteriorly through one of the reticulations of the 
dermal skeleton, which opening, however, is not 
enlarged or modified in any way. Cut off a portion 
of one of the tubuli and examine with the micro- 
scope. The gnimal is dicecious, and the organs 
may contain ova, which can be recognised by the 
central pellucid germinal vesicle, if it is a female; or 
if it is a male, they may contain spermatozoa, or only 
minute oil globules. The spermatozoa have a round 
head and a long filiform tail. 

9. Take the ventral, or oral portion. With a brush lay 
out each of the ten ramified radial czeca in its proper 
position. Their function is unknown. They open 
into a shallow pentagonal sac—the pyloric sac—which 
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is connected with the rest of the stomach below bya 
narrow isthmus. The stomach is a pale coloured— 
generally greenish or greenish-yellow—much folded 
bag, which sends out short prolongations—the cardiac 
sacs—into each ray. ach cardiac sac is connected 
with the ambulacral ossicles by radiating mesenteric 
folds, which hold it in its place. The stomach is 
connected with the mouth by a broad gullet. Examine 
portions of the radial czeca and of the stomach with 
the quarter-inch objective. Notice the currents 
caused by the cilia. With careful focussing, the cilia 
themselves may be seen. 


10. With the scissors and forceps carefully remove the 
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whole of the alimentary system. Pour off the water 
out of the saucer and put in clean. Observe the 
hyaline, or greenish, polian vesicles, one in each inter- 
radial angle, except the one occupied by the stone 
canal, It is rarely that all four can be seen, some 
being generally empty. 

race down the white or yellowish stone canal from 
the madreporic tubercle to the opening in the central 
ambulacral ossicles through which it disappears. 
Alongside it lies a vessel of the vascular system, the 
so-called heart. Cut out the stone canal, and detach 
it from the madreporic tubercle. Examine it with 
the microscope; notice, with the quarter-inch, the cal- 
careous plates in its walls. Place the madrepori¢ 
tubercle on a cork, and cut a section from the middle. 
Examine with the microscope, and notice the pores. 


12, Examine the ampulle, or ambulacral vesicles, of the 


pedicels, or tube feet, arranged in two rows on each 
side of the ambulacral ossicles. Scrape some away, 
and observe the two rows of openings through which 
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pass the ducts that connect the ampullee with the 
pedicells. 

13. Make a tolerably thin transverse section through one 
of the rays in which the ampulle have not been 
scraped away. It should contain two or three sets 
of ambulacral ossicles. Examine with the inch 
objective. Notice the ambulacral canal for supply- 

ing the pedicells and ampulle with fluid. It lies 
just below the angle formed by the ambulacral 
ossicles. Below it notice the ambulacral nerve pro- 
jecting downward between the pedicells. | 

14. Turn the animal over in the saucer so that it lies with 
its oral side upward. Examine the pedicells. Re- 
move one with the forceps, and examine with the 
microscope. Notice that the fluid it contains is 
corpusculated, and that the pedicell itself is composed 
of two muscular layers, longitudinal and circular. 

15. Carefully remove the pedicells of one of the rays, and 
observe the ambulacral nerve. Trace it inwards to 
its bifurcation to join the nerve of the rays right 
and left of it. Then trace it outwards to the red 
eye-spot, at the tip of the ray. Observe the pedicell- 
like ocular tentacle above the eye (probably a tactile 
organ). Cut both out, and examine with the micro- 
scope. 


EXERCISE IIT. 


THE EARTH-WORM (Lumbricus campestris), 


Sub-kingdom—ANNELIDA. Class —OLIGOCH ETA. 


1, Take a good sized worm, place it in a tumbler of water, 
and add a few drops of corrosive sublimate dissolved 
in alcohol.* When dead, take it out and roll it in 
blotting-paper to remove the mucus. 

2. External characters.—The body is composed of between 
100 and 140 segments, all nearly similar except the 
two first, and the clitellwm, which is composed of 
five or six segments, commencing in a full-grown 
worm about the 20th. The first segment — the 
cephalie lobe—is sub-conical, with a depression on 
the lower surface, close to the second segment, which 
is the mouth. The second segment—the buccal 
segment—is completely divided on the upper side. 
On the anterior portion of the lower surface, openings 
will be seen between the ninth and tenth segments, 


* Or the animal may be killed with chloroform, or by putting it in 
a “killing bottle’? made in the following way:—Take a wide-mouthed 
bottle that is well stoppered, lay on the bottom a few pieces of cyanide of 
potassium (a deadly poison) each about the size of a pea, and pour over 
them plaster of Paris, mixed with water and well stirred until it is of the 
consistence of thick cream, until well covered. If the stopper is good, 
this bottle will last for more than a year, and will kill all air-breathing 
animals put into it, such as insects, lizards, mice, &c. When the poison 
gets too weak, add another layer of cyanide and plaster of Paris on the 
top of the old one. ; 
__ Chloroform keeps better in an inverted corked bottle than im ome 
with a glass stopper. The animal should be placed in a glass stoppered 
bottle, and a few drops of chloroform added. 
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and possibly between the tenth and eleventh seg- 
ments, These are the openings of the spermatheca. 
Other openings will be seen on the two last segments 
of the clitellum; these are the openings of the 
mucous glands. ‘The anus is at the posterior end of 
the body. With a magnifying glass, four double 
longitudinal rows of sete will be observed, two 
ventral and two lateral. 

3. Internal structure—Pin the anterior portion of the 
animal to the leaded cork, dorsal side upward. Make 
a small transverse cut with the scissors behind the 
clitellum ; then, steadying the lower blade of the 
scissors against the tip of the middle finger of the 
left hand, insert the point into the cut, and carry a 
longitudinal incision a little to the right of the 
middle, up to the anterior end. In order to avoid 
cutting the alimentary canal in this process, the point 
of the scissors must be inserted a very short distance 
for each cut ; and before making each cut the integu- 
ment of the worm should be lifted up by the inserted 
point of the scissors. 

4, Put the cork with the worm into a saucer, and cover 
with water. Place two or three pins in the cut 
integument on the right side of the worm. Then, 
using the dissecting microscope, pull back the integu- 
ment of the left side gently with the forceps, cutting 
with a sharp knife the transverse mesenteric septa 
which hold it, and pin it down. 

5. Notice the supra intestinal vessel of the pseud-heemal 
system, filled with a bright red fluid, lying on the 
intestine, and sending off two transverse vessels in 
each segment to join the sub-intestinal vessel lying 
below the intestine, and therefore hidden by it. In 
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the anterior portion the supra-intestinal vessel gives 
rise to a series of short sacs lying on each side of 
the cesophagus. These are the so-called hearts. 

6. Notice the grey muscular stomach, or gizzard, and the 
white male reproductive organs lying in front of it, 
Also observe the white tubular segmental organs, 
attached to the posterior side of each mesentric 
septum, on either side of the intestine. 

7. Lift up the supra-intestinal vessel with the forceps, and 
cut off a portion. Examine it with the microscope ; 
notice that with your highest power the red fluid 
contains no corpuscles. 

8. Notice the double cerebral ganglion lying on the 
pharynx, in the third segment. 

9. The alimentary system—Wash away with a brush 
the red fluid that will have exuded from the vessels ; 
cut the intestine across at the clitellum; lift up 
the anterior portion with the forceps, and at the 
same time cut with a knife the septa which 
hold it down. Observe the bright red swb-cntes- 
tinal vessel running along the interior surface 
of the intestine, and communicating with the 
supra-intestinal vessel by means of the transverse 
vessels. Cut very slowly and carefully while you 
are passing the reproductive system. Remove the 
whole of the alimentary canal, and lay it out, by 
means of a brush, in water on a glass slide, 


10. Observe the muscular pharynx, with many muscular 


fibres attached, narrowing into a long cesophagus, 
upon which, in the region of the reproductive organs, 
lie on each side the stalked globular esophageal 
glands. The cesophagus expands into a dark-coloured 
stomach, or crop, which is followed by the red 
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muscular ring called the gizzard. From this pro- 
ceeds the broad intestine, which is constricted at each 
septum Examine different portions with the mi- 
croscope. 

11. Reproductive system.—Pour off the water from the 
saucer, and put in clean. Observe the large white 
bladder-like testes, two on each side, the anterior 
pair bilobed. The testes of each side are united by 
a median reservoir, upon which lies the large fim- 
briated openings of the vasa deferentia, two on each 
side. These unite into a single duct on each side, 
which open on the fifteenth segment. Examine a 
portion of one of the testes with your highest power. 
Numerous bundles of spermatozoa will be seen not 
quite mature, and having no movements. With a 
curved needle turn back the testes on one side, and 
observe, in front of and between them, the four dead 
white globular spermathece, or receptacula seminis, 
two on each side. Examine one with the microscope, 
and notice that the spermatozoa are not in bundles, 
but free. If the animal has not been dead too long, 
they will be seen in active movement. These are 
the spermatozoa of another individual. 

12, Search carefully for the ovaries. They are small pear- 
shaped bodies attached to the posterior surface of 
the septum between the twelfth and thirteenth seg- 
ments. They are very difficult to see, except when 
distended with ova. The oviducts are not attached 
to the ovaries, but commence with wide open mouths 
in the thirteenth segment, and pass into the four- 
teenth segment, where they open to the exterior in 
front of the vasa deferentia. Examine the ovaries 
with the microscope to see if they contain any ova. 
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13. Seemental organs.—Cut out one of the convoluted 
segmental organs from a segment behind the repro- 
ductive system, and examine with the microscope. 
Notice its expanded and ciliated extremity; the 
transparent portion doubled upon, and closely con- 
nected with, a darker portion which is surrounded by 
granular cells. 

14. Nervous system.—Observe the ventral nerve cord, 
swelling slightly in each segment, but not markedly 
ganglated. ‘Trace it up anteriorly, catting when 
necessary with the knife, until it is seen to divide 
into two branches which pass round the alimentary 
canal, and meet to form the double ganglion on the 
pharynx which was previously seen (8). Cut out a 
portion and examine with the inch objective. It 
will be seen to give off two pairs of nerves from 
each swollen portion, or ganglion, and a single pair 
from the narrower portion. Notice that the narrower 
portion is double. Examine with the highest power. 
Try to make out the longitudinal rows of tubular 
fibres on the upper side of the cord. 

15. Muscular system.—Cut out a transverse piece of the 
integument and sub-cutaneous muscular layer from 
the ventral portion, containing a pair of sete from 
each of the ventral rows, and place it on a slide, in 
water, with the exterior surface upward. Examine 
with the quarter objective. Observe the S shaped 
sete ; the cellular dermis; and, lying below it, the 
muscular layer. Notice that it is made up of two 
sets of fibres at right angles to each other. Satisty 
yourself by focussing up and down, that in the upper 
(i.e. the outer) layer the fibres are transverse to the 
axis of the body ; while in the lower (ie. the inner) 
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layer, the fibres run longitudinally. These directions 
can be ascertained by the positions of the two pairs 
of setee, which are placed transversely. Notice that 
the muscular fibres are not transversely striated. 


eo 


EXERCISE IV. 
THE SEA-SQUIRT (Boltenia australis ). 


Sub-kingdom—TuNniIcata. Class —ASCIDIOIDA. 


1. Cut off the peduncle about a third of an inch from the 
body, and lay the animal on the cork with the 
peduncle from you and the two lateral openings on 
the right side. Fasten down with two pins, one 
through the peduncle, the other through the end 
next to you. Make a transverse incision through 
one of the ribs of the tunic close to the peduncle 
and cut out a longitudinal strip of the thick tunic. 
Cut away, piece by piece, other portions of the tunic 
until the whole of the upper half has been removed, 
taking care not to cut on the right side lower down 
than the bases of the two projections on which the 
openings are situated. 

2. Cover with water. Notice the muscular “second tunic” 
—the so-called mantle, probably homologous with 
the sub-cutaneous muscular layer in annelida. The 
muscular bands are more or less transverse, becoming 
circular round the openings, thus forming sphincters. 
It passes into a central cavity in the peduncle. 
The mantle is covered externally by a thin trans 
parent membrane, which can be easily removed. This 
is the eutis, which secretes the tunic. 

3. Open the mantle by an incision carried round both 
sides and the end nearest to you; carefully detach it 
from the viscera, and lay it back over the peduncle. 
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This operation is difficult and requires great care, as 
the mantle is closely attached to the internal viscera. 
Notice the bright orange liver near the end furthest 
removed from the peduncle; the intestine, generally 
filled with mud, lying in a loop, the bight of which 
is close to the peduncle ; and the reproductive organs 
in rows of rectangular blocks lying in the loop of 
the intestine. These are either transparent, or greyish, 
or yellowish white. 

4. Take the loop of the intestine with the reproductive 
organs, and turn it back towards you, detaching it 
and the liver carefully from the respiratory sac 
which lies below. This is easily recognised from its 
rectangularly netted appearance. Wash with a 
ecamel-hair brush, and cover with clean water. Notice 
that the opening furthest away from the peduncle 
does not lead into the respiratory sac, but into the 
atrvwm. 

5. The alimentary system.—The stomach leads from the 
respiratory sac at that end furthest away from the 
peduncle—the fundus. On it lies the liver, formed 
by five or six ramified follicles om each side; these 
follicles are not symmetrical. The intestine is nearly 
as broad as the stomach ; at the apex of the loop it 
is coated with yellow esloueed cells—the renal organ. 
The rectum lies loose in the atroum, but is attached 
to the wall of the chamber, where it passes through 
it ; the anus is simple. 

6. The reproductive system consists of four rows of more 
or less rectangular blocks, each set of blocks being 
connected together by a narrow efferent duct, which 
leads along the intestine into the atrium. Two of 
these rows of blocks are larger, and are attached 
more firmly to the mantle than to the intestine. _ Ex- 
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amine a portion. They will probably be found to 
contain ova. The two smaller rows are attached 
firmly to the descending portion of the intestine, 
They are probably the male organs, but I have never 
found any spermatozoa in them. 

7. The respiratory sac.—Slit the sac open from the fundus 
to the oral opening, and turn back the upper portion 
to the left. The sac is longitudinally plaited. Notice 
the laciniated tentacles surrounding the oral opening 
and pointing inwards: there are eight of them. Cut 
one off and examine with the inch objective. Notice 
the crimson layer surrounding the interior of both 
the oral and atrial openings. Notice the thick white 
rod-like mass, with a fold on each side, lying longi- 
tudinally on the side opposite to the openings. This 
is the endostyle. Cut out a portion of the sac and 
examine it. Notice the small grating-like bars 
crossing the stigmata, or rectangular spaces. With 
the quarter-inch, notice that these bars are hollow 
tubes, and contain granular corpuscles. The edges of 
all the bars are lined with cilia, which will be seen in 
movement if the dissection has been made in salt 
water. 

8. Nervous system.—Cut down very gently into the 
mantle, between the oral and atrial openings. A 
large oval ganglion of a yellow-ochre colour will be 
readily found. It is difficult to get out. 


NOTE I.—In the third tunic, or peritoneal membrane, there are large 
numbers of irregular branched spicules of carbonate of lime. As this 
membrane lines all the viscera, these spicules will be found apparently 
imbedded in most of the organs. I have not been able to recognise @ 
heart in Boltenia. 

Norse IJ.—Any other simple ascidian will do as well as Boltenia, 
but in them the oral opening will be found to be the one furthest away ~ 
from the place of attachment, and the internal organisation will differ to 
some extent. 


EXERCISE V. 


THE COCKLE (Chione stutchbury?). 
Sub-hkingdom—MO.Luusca. Class —LAMELLIBRANCHIATA. 


1. Hold the animal in the hand, and with a blow of a. 
hammer break one valve of the shell inte three or 
more pieces. Remove any portions of the shell that 
may be loose. With the handle of a knife detach 
the mantle from the broken valve; then cut the 
attachments of the adductor and pedal muscles close 
to their attachments to the broken valve, and remove 
all portions of the broken valve. In this operation, be 
particularly careful in cutting the anterior adductor 
muscle, not to cut into the mouth. Fix the unbroken 
valve to a cork by means of pins, and braces formed 
by bent pins, and, if the water contained in the shell 
has been spilt, fill up the valve with sait water. 
Turn it so that the hinge of the shell is away from 
you. 

2. Notice the mantle, or pallium, with its thickened 
border. The two siphons, margined with tentacles— 
the siphonal tentacles—at the posterior end of the — 
animal. They are formed by the produced border of 
the mantle, and are united together at their bases. 
The ventral siphon—.e., the one nearest you—is the 
inhalent, and the dorsal one is the exhalent siphon. 

3. Lift up the lobe of the mantle with a pair of forceps, 
and with the scissors cut it completely off, leaving 
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the siphons. Examine a portion with the quarter 
objective ; notice the rather distant groups of cilia: 
Lift up the border of lobe of the mantle belonging 
to the other side, and observe its attachment to the 
shell, 

4. Below the mantle lie a pair of large leaf-like gills or 
branchice. Cut them off one by one, and examine a 
portion with the microscope. They are formed by 
columns, united together by short transverse pro- . 
cesses, and are richly ciliated. 

5. Below the gills hes the compressed muscular foot, the 
upper part of which is hollowed out into a body 
cavity, which contains the abdominal viscera. 

6. The muscular system.— Observe the posterior adductor 
muscle, just inside the siphons; and the: anterior 
adductor muscle at the opposite end. These two 
large muscles, which had to be cut to remove the 
broken shell, are used for closing the valves. The 
other muscles are :— 

The anterior retractor of the foot, which is 
inserted into the shell near the hinge. 
The posterior retractor of the foot, which is 
inserted close to the posterior adductor. 
The protractor of the foot, which is inserted 
behind the anterior adductor. 
All these muscles arise from the general musculature 
of the foot. Examine a portion with the quarter 
objective; they are non-striated. 

7. The organ of Bojanus,—This ties on the dorsal side ot 
the animal, just above the gills, and passes under the 
posterior adductor. It is renal in function. It 1s 
composed of two parts, an upper and a lower. The 
upper, or dorsal portion, is a transparent sac, which 
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opens into the mantle cavity; it is called the ex- 
cretory, or non-glandular portion of the organ. The 
lower portion is of a rich brown colour, and opens 
into the pericardial space (see 8); this is called the 
secretory, or glandular portion. 

8. Circulatory system.—Above the organ of Bojanus is a 
pellucid space enclosed by a delicate membrane— 
the pericardium. Cut it open by a longitudinal 
incision. There will now be exposed to view the 
heart, consisting of a pale yellow oval ventricle, and 
two delicate, transparent, triangular auricles, one at 
each side, attached by the apex to the ventricle, and 
by the base to the branchial vein. The ventricle 
surrounds the posterior portion of the intestine, or 
rectum. The heart may be beating slowly. Count 
the pulsations. There are five or six in a minute. 
From the ventricle pass anterior and posterior aortas 
along the rectum. With a needle carefully detach 
these from the rectum. The anterior runs above the 
rectum, the posterior runs below the rectum, and 
passes between the pedal muscles. Lift up the 
ventricle with the forceps, slit it up, and remove it 
altogether. The rectum will now be seen to be quite 
unconnected with the heart. 

‘8. Nervous system consists of three principal pairs of 
ganglia :— 

The cerebral ganglia are united into one, which 
lies above the mouth, on the tendon of the 
anterior retractor of the foot, and in front 
of the protractor. It is yellow in colour. 

The parieto-splanchnic ganglia are also united ; 
they lie on the anterior surface of the pos- 

terior adductor muscle. They are white. 

The pedal ganglia lie close together in the foot, 
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at the bottom of the body cavity, just 

where the foot becomes entirely muscular, 

and about one-third of its length from the 

anterior end. They are of a yellow colour. 
Take the parieto-splanchnic ganglion first, as it is: 
the easiest found, and trace forwards the nerve joining 
it to the cerebral ganglion. It passes across the 
organ of Bojanus and along the dorsal aspect of the 
animal. If you lose it, search for the cerebral gan- 
glon, and try to trace the nerve from it to the pedal 
ganglia. If you lose this, search for the pedal gan- 
glia by gently scraping away the muscular tissue 
of the foot over the place. 


9. Alimentary and reproductive systems.—Cut open the 


body cavity along the dorsal margin. Lift up the 
edge with the forceps, and carefully detach it from 
the contained viscera, cutting the muscular coat 
anteriorly and posteriorly, and lay it back over the 
foot. Observe the labial palps, lying just inside the 
anterior adductor; there are two on each side. Cut 
one off and examine. It is longitudinally striped 
and richly ciliated. 
The liver, lying near the dorsal part of the 
cavity. It is of a deep green colour. 
The reproductive organs, filling the rest of the 
cavity; pale orange or white. Examine. 
In the ova notice the projecting portion of 
albumen, through which, with slight pres- 
sure, the yolk escapes. This is the mzcro- 
pyle. 
Remove the liver and as much of the reproductive 
organs as possible, by means of a knife, forceps, 
and brush. Notice the alimentary canal. A short 
cesophagus leading into a capacious stomach, which 
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bends downward and passes gradually into the intes- 
tine. The intestine, after one or two convolutions, 
ascends to the dorsal side and passes straight to the 
dorsal siphon. Remove the stomach, place it on a slide, 
and gently press it down with a glass cover. Examine 
with the inch objective. Notice the crystal style, a 
long transparent bristle-like organ, tapering to one 
end and rounded at the other, and curved toward the 
thin end. This is not always present. Its function 
is unknown. Cut out the rectum and examine. On 
the under side between where the heart was situated 
and the anus, there is a solid hemispherical projection, 
the function of which I do not know. 

10. The shell—Remove the animal and examine the shell. 
The interior. Notice the three diverging teeth on 
the hinge, which interlock with the teeth on the 
other valve when the shell is closed; the impres- 
sions made by the attachments of the two adductor 
muscles ; the line made by the attachment of the 
muscles of the mantle to the shell—the pallial line. 
This line leads from the anterior adductor impression 
round the ventral side of the shell, and forms a deep 
re-entering angle before reaching the impression of 
the posterior adductor. This is the pallial sinus. 
The exterior. The wmbo is the pointed portion of the 
shell, above the hinge, which curves forward; below it. 
on the anterior side is the lunule. Behind the umbo is. 
the black projecting horny ligament, which by its elas-. 
ticity opens the valves when the adductor muscles. 
are relaxed. The shell is radiately ribbed with 
rounded ribs, which start from the umbo, and these: 
ribs are crossed by rather sharp concentric lamine,. 
which mark old lines of growth of the shell. 


EXERCISE VI. 
THE PERIWINKLE (Diloma). 


Sub-kingdom—Mouuvusca., Class—GASTEROPODA. Order—BRANCHIATA. 


1. There are two different species of Diloma that go 
under the name of Periwinkle. One called D. cethiops 
has the mouth of the shell surrounded by a black, 
or blue-black, band ; the other, D. wndulosa, has a 
bright yellow margin outside the black band. UD. 
cethiops is common all over New Zealand; D. wn- 
dulosa is common in the south, 

2. External characters.—The shell is regularly spiral, 
and dextral; that is, the spiral is twisted in the 
direction that the hands of a watch turn. The con- 
volutions of the shell are called whorls, and the solid 
axis around which they wind is the columella. The 
line formed by the junction of two whorls is called a 
suture. The last turn of the shell is the body-whorl, 
the others form the spire. The aperture of the shell 
is entire, and the anterior end of the columella is 
produced into a ridge round the inner margin of the 
outer lip of the aperture. 

8. Place the animal in a saucer of salt water. When it 
comes out, examine the animal. Observe the 
elongated muscular foot by which it moves; at the 
posterior upper end is the round horny operculwm. 
The head has a short truncated proboscis which 1s 
transversely striated; on either side is a long 
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subulate tentacle, aud just below each tentacle is a 
short peduncle, quite free from the tentacle, carrying 
an eye at its apex ; between the tentacles are a pair 
of lobes. Behind the tentacles, along the upper side 
of the foot, there is a fold of the mantle, bearing on 
its margin three tapering filaments on each side. 

4. Break the shell with a hammer, and extract the 
animal. Notice that it is attached to the columella 
by a short thick white muscle—the columellar 
muscle. Put the animal in a tumbler with weak 
vinegar and water. Let it remain for two or three 
hours. Then put it in spirits, 20 over proof, for an 
hour, to coagulate the mucus. 

o. Fasten the animal to the loaded cork, dorsal side up, 
by two pins through the foot, one on each side of 
the head. Cover with water. Notice the cavity 
formed by the mantle forming a kind of hood over 
the head, completely open in front. Cut open this 
mantle cavity along the right side, from before back- 
ward, and turn the flap over to the left. Notice on 
the flap of the mantle thus turned over, the brown 
branchia, or gill, free at the tip; the second or left 
branchia is rudimentary. Outside the branchia lies 
a white organ—the renal organ—and outside that, 
the brown or whitish (according to its contents) 
rectum ending in a free anus. At the base of the 
branchia lies the heart. It is white, and composed of 
an auricle and a ventricle, the auricle receiving the 
blood from the branchia. 

6. Open the spiral portion of the animal. Notice the 
large saccular stomach, surrounded by the olive- 
brown liver, and the pinkish white, or yellowish, re- 
productive gland. These two, so closely united 
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together that they cannot be separated, fill all the 
upper part of the spiral. Examine a portion of each 
with the microscope, and ascertain the sex of the 
individual. 


7. The reproductive organs.—The periwinkle 1s dicecious. 


In the male a convoluted vas deferens leads from 
the sex gland along the right side of the animal to 
the head. In the female the convoluted oviduct 
leads from the sex gland along the roof of the 
mantle cavity, outside the rectum, and opens near 
the anus. Try to make this out. 


8. The alimentary system—From the stomach trace 


forward the alimentary canal; follow it up, cutting 
open the body cavity and pinning back each side. 
In the head will be seen the large white buccal 
mass, with the cesophagus passing from it poste- 
riorly ; and the cerebral ganglia, connected together, 
lying on it. On each side of the cesophagus notice 
the delicate, white, salwary glands. 


9. Cut the cesophagus behind the nerve collar, and draw 


the anterior portion forward, through the collar, and 
cut out the buccal mass. Place it on a slide and 
notice the odontophore projecting outward from the 
inferior side. Open the buccal mass and extract the 
odontophore. Place this on a clean slide and examine 
with the microscope. 


10. Cut out the nerve collar, and place it on a slide. With 


a small brush lay it out in a drop of water ; cover it 
lightly, and examine with the microscope 


11. Examine a portion of the columellar muscle. It is 


unstriped. 


12. Cut off the operculum, and examine. 


EXERCISE VIL. 
THE GARDEN SLUG (Limax molestus). 


Sub-kingdom—MouLuLusca, Class—GASTEROPODA. Order—PULMONATA. 


1. External characters—Examine the slug when crawl- 
ing. Notice the small shield-like mantle on the back, 
and below it, on the right side, the pulmonary 
opening ; the long tentacles on each side of the head, 
with the dark eyes at their tips; and the shorter 
pair of tentacles below them. The longer pair are 
often called the eye peduncles. Notice also the long 
flat muscular foot on which the animal crawls. 

2, Kill the animal either by immersion in water between 
100° and 130°, or by putting it in weak vinegar 
and water (the first is the better method, but it takes 
longer time), then put it into strong alcohol for ten 
minutes, to coagulate the mucus; wash it, clean off 
the mucus with blotting paper, and pin it on to the 
cork, foot downward, with a pin through the end of 
the tail. Cover with water. 

3. Internal Structure Make a longitudinal incision from 
the tail to the left of the mantle, and then to the 
centre of the head. Pin out the integument on 
either side, and remove the pin from the end of 
the tail. Notice the following points. At the head, 
the yellowish-white buccal mass, with the purple 
cerebral ganglia, joined by the commissure behind 
it, and the purple tentacles (if retracted) on either . 
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side. Behind this, on the left, is a portion of 
the stomach, yellowish, or perhaps coloured green 
with its food. On the right, and lying on the 
stomach, are the purplish white reproductive organs. 
Behind them, in the median line, is the coiled intes- 
tine, colourless, or filled with green or brown vegetable 
matter; the brown liver, and the deep purple ovo- 
testis. To the right is the opaque, yellowish, renal 
organ, lying in the pulmonary chamber. Notice the 
aorta passing from the pulmonary chamber through 
a sharp fold in the intestine. The retractor muscle 
of the head passing from behind the pulmonary 
chamber through the folds of the reproductive 
organs ; and the retractor of the penis, arising Just 
before the pulmonary chamber. | 

4, Cut open the floor of the pulmonary chamber ; observe 
the pale white pyriform heart, lying in the anterior 
concavity of the renal organ. It consists of a ven- 
tricle and an auricle, and from the former leads the 
aorta which has been already seen. Turn it on one 
side, and from below extract the semi-transparent 
shell. Examine a portion of the renal organ with 
the quarter objective ; notice the numerous concre- 
tions. 

5. Alimentary system.—Notice the rectum going from 
just in front of the ovo-testis to the anus, situated in 
the pulmonary chamber. Cut it and the aorta. 
Turn back (i.¢., to the left) the fold of the intestime 
that was held down by the aorta; below it, in the 
centre, will be seen a dead-white vessel—the her- 
maphrodite duct—leading from the ovo-testis to the 
oviduct. Carefully separate the alimentary system 
from the reproductive system ; turn the latter forward, 
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the former to the left. Unravel the intestine. Notice 
that the liver is divided into two lobes. From the 
centre of each pass short hepatic ducts, which empty 
themselves into the alimentary canal on opposite 
sides. In front of the hepatic ducts the stomach 
expands slightly forwards, and then suddenly con- 
tracts, to form the cesophagus. Below, and on each 
side of the anterior portion of the stomach, lie two. 
large, white, lobed salivary glands. Detach them 
from the stomach, and notice the ducts passing 
under the nerve collar to open on each side of the 
mouth. Cut the narrow cesophagus and salivary 
ducts, and taking hold of the buccal mass with 
the iorceps, draw the cut cesophagus through the 
nerve collar. Turn back the buccal mass; cut it 
out ; remove it to a glass slide; open it; extract and 
examine the horny upper lip and the odontophore. 
Find the central line of teeth of the odontophore— 
rachis teeth; they differ from the lateral teeth in 
being tricuspid. The transverse rows of teeth are 
straight ; there are about thirty-six on each side of 
the rachis tooth. Examine with the microscope 
portions of the cesophagus; notice the epithelial 
cells; examine the salivary glands, the liver, and the 
alimentary canal. 

6. Reproductive system.—Notice the purple ovo-testis, 
like a bunch of grapes; the white hermaphrodite 
duct leading from it to the swollen, pale purple, con- 
voluted tube, in which are combined the oviduct and 
the vas deferens. The cecal tongue-shaped portion 
projecting backward from junction of the hermaphro- 
dite duct, is the albumen gland. Alongside the 
anterior portion of this tube is plainly to be seen the 
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large white spermatheca, rounded posteriorly, and 
passing into a narrow tube anteriorly. Just where 
the spermatheca gets narrow, the blue colouring of 
the convoluted tube ceases, and at this point the vas 
deferens separates from the oviduct and passes to the 
penis. Notice that the retractor muscle is attached 
to the middle of the penis. Notice also at the in- 
ternal extremity of the penis a short ceecal tube, 
with three to five small branches. This is the 
prostate gland. Examine microscopically the struc- 
ture of the parts. Probably the ovo-testis will be 
found to contain large numbers of spermatozoa, and 
afew ova. Notice that the ova lie near the margin 
of each follicle of the sex gland, while the sper- 
matozoa are developed in the interior. Cut across 
the oviduct and penis sac at their opening, and 
remove the whole of the reproductive system. Cut 
the retractor muscle of the head near its origin ; turn 
it back, and notice the branches it sends to the 
tentacles. Cut it out, and examine with the micro- 
scope. Notice that it is non-striated. 


7. Nervous system.—Examine the nerve collar in situ. 


It consists of two large cerebral ganglia, united 
superiorly by a broad transverse commissure. In- 
feriorly, the cerebral ganglia are united to a compli- 
cated mass of ganglia composed of two large white 
pedal ganglia, above which is a transverse row of 
six small ganglia forming the parieto—splanchnic 
system. With a curved needle trace the nerves from 
the cerebral ganglia to the eyes and tentacles; and 
also the numerous cords given off posteriorly by the 
infra-cesophageal ganglionic mass. Extract the whole 
collar, put it on a slide in water, spread it with a 
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camel-hair brush, and examine with the inch ob- 
jective. Cover with a slip of thin glass, and flatten 
it out by gently pressing down the glass with the 
handle of a needle. Notice on each of the pedal 
ganglia a more or less round, dark greyish spot. 
These are the auditory sacs. Examined with the 
quarter objective, they will be found to contain a 
large number of calcareous ofoliths. Examine the 
nervous tissue of the ganglia and cords. Cut off 
the tip of an eye-peduncle, and examine the eye. 


There are four different species of garden slugs. The 
foregoing description applies to Limax molestus, The 
anatomy of the others differs in some respects, especially 
in the details of the reproductive system. The following 
analysis will enable the student to ascertain the name of the 
species he is examining :— 


Reproductive opening behind the base of the right tentacle; no 
gland on the tail. 
Back not keeled up to the mantle—Limaz molestus. 
Back keeled up to the mantle. 
Mantle rounded behind—Jiilax antipodum. 
Mantle emarginate behind—Wilax emarginatus. 


Reproductive opening below the pulmonary opening ; a gland on the 


upper side of the extremity of the tail. 
Dark lead-grey, with a yellow foot— Avion incommodus, 


EXERCISE VIII. 
THE SEA SNAIL (Amphibola avellana). 
Sub-kingdom—MOo.Luusca. Class—GASTEROPODA. Order—PULMONATA. 


1. External characters.—The general form of the shell 
is sub-globose, with a very short spire. On its basal 
surface there is a hole, the wmbilicus. The aperture 
is semicircular, and on its inner side the columella is 
flattened and reflected over the umbilicus; the outer 
lip of the aperture has at its upper or posterior end a 
channel or sinus. The whorls are angled and 
flattened behind, and are transversely rugosely lami- 
nated, each of the laminze marking a period of growth 
of the animal. Externally the shell is yellowish or 
reddish brown, generally more or less purple on the 
spire and keel ; the interior is brownish purple, with 
a white rim round the aperture. The animal is very 
sluggish ; it is ofa dark purple, with a lighter coloured 
foot. The pulmonary opening is on the right side 
just under the posterior sinus of the shell. On the 
head the frontal lobes are emarginate, and on each 
side is a small flattened triangular tentacle with 
minute sessile eye at its base. On the back of the 
foot is a horny operculum. 

2. Internal structure—Break the shell by a gentle 
blow with a hammer. The animal will be found to 
be attached to the columella of the shell by the 
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columellar muscle. Detach it and strip off all parts 
of the shell. Kill by immersion for a few minutes in 
vinegar and water. Pin out, under salt water, with 
two pins passed through the foot, the operculum being 
below. The pallial cavity formed by the mantle over 
the neck will be found to be closed, the mantle being 
joined to the head, except a small opening on the 
right side just behind the head. This closed pallial 
chamber is the pulmonary sac, and the opening the 
pulmonary opening ; behind the opening is the anus, 
Put the point of the knife or scissors into the pulmo- 
nary opening and cut the mantle transversely across 
the back of the neck ; commence again at the opening 
and cut longitudinally towards the middle of the back 
of the animal. Turn the cut flap over to the animal’s 
left. Notice on the roof of the cavity the renal organ, 
shaped something like a feather and having a minute 
opening at its point. Hxamine a portion. The floor 
of the pulmonary sac is formed by a delicate, trans- 
parent membrane (homologous with the dermis) 
through which some of the other organs can be seen ; 
notably the orange-coloured albumen gland, sur- 
rounded by coils of the intestine. At the anterior 
left-hand corner of the pulmonary sac, at the base of 
the renal organ, will be seen the pyriform yellowish 
heart, the auricle connected with the roof of the sac 
by the pulmonary vein. Passing backwards is the 
aorta, which soon divides into two. Round and below 
the heart passes a coil of the intestine, easily distin- 
guished by its longitudinally striped appearance, 
caused by foldings. 

3. Alimentary system.— Lower down, and rather to the 
left of the median line, will be found the cesophagus. 
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Trace this backward, cutting the floor of the pulmo- 
nary sac, and, if necessary, turning to the right the 
orange albumen gland of the reproductive system, 
and the coils of the intestine. Observe the dilatations 
of the crop, and the pyriform cecal pouch going off 
to the right. Gradually clear away the stomach and 
the globular hard gizzard. Observe the entrance of the 
hepatic duct from the liver, which organ occupies a 
large portion of the spiral portion of the animal. 
Trace the intestine from the pyloric end of the 
stomach, passing forward on the left side straight to 
the heart, thence backward, and after making about 
five left-handed coils round the albumen gland, 
passing straight forward on the right side to the anus. 
Cut through the cesophagus above the crop and the 
rectum ; detach the whole alimentary system and place 
on a slide with salt water. Cut off a small portion 
of the intestine and examine with the quarter objec- 
tive—observe the cilia. Do the same with portions 
of the stomach and cesophagus. Cut open the 
gizzard; make a thin section, tease ib out with 
needles, and examine the muscular tissue with the 
quarter objective. Examine a portion of the liver. 
Notice the dark brown concretions. Follow up the 
part of the cesophagus that has been left, towards the 
head. While dissecting this out, the coiled muscular 
penis will be found to the right. Neglect this for the 
present, and carefully follow the cesophagus towards 
the mouth. Notice the yellow cerebral ganglia. Cut 
the cesophagus behind the nervous system and draw 
the cut part forward through the nerve collar. Detach 
the pharynx by cutting round the mouth, and lay it 
on a glass slide for examination. Observe the sali- 
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vary glands, one on each side; the extrinsic muscles 
attached to the pharynx asbessiies to the salivary 
ducts, and the sac of the odontophore, or radula, 
projecting backwards from the lower surface of the 
pharynx. Detach this sac and place it on another 
slide with a drop of water. With the help of the 
dissecting microscope open it longitudinally from 
above and spread it out ; place a cover glass on it, and 
press it gently down with the handle of a needle or 
scalpel. Examine with the inch and then with the 
quarter. The tongue-shaped radula will be seen with 
numerous transverse rows of teeth. The quarter 
objective will show that the rachis teeth differ in 
shape from the lateral teeth. Observe the intrinsic 
muscles. 

4. Nervous system.—Two yellow ganglia (the cerebral 
ganglia), joined by a white commissural cord, and 
behind and outside them two others (parieto- 
splanchnic); these four were above or outside the 
cesophagus. Below, in the centre, lie the two pedal 
ganglia, connected together, and joined to the cerebral 
ganglia; and behind these is a single ganglion 
(azygos ganglion) connected with the parieto-splan- 
chnic ganglia. Trace as far as you can the nerve 
fibres from these ganglia. Cut out the nerve collar, 
and examine—first with the inch and then with the 
quarter. Observe the auditory vesicles on the pedal 
ganglia. Hach contains numerous otoliths. If these 
vesicles are examined quickly after the death of the 
animal, the otoliths will be seen in rapid vibration. 

5. Reproductive system.—Take another animal, remove 
it from the shell, and pin out in salt water with the 
dorsal surface downward. A dark coloured vessel 
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will be seen taking a zig-zag course from the spiral 
part of the animal to the albumen gland. This is 
the hermaphrodite duct. Rupture the integument 
of the posterior part of the animal, and with a brush 
wash away as much as possible of the liver. A large 
botryoidal organ will be left—the ovo-testis. Snip 
off a portion with the scissors and examine with the 
quarter objective in a drop of salt water. Probably 
it will be found to contain both ova and spermatozoa. 
Trace the duct from the ovo-testis to the albumen 
gland. Cut off a portion and examine. It will be 
seen to be ciliated internally, and will probably con- 
tain spermatozoa. These are thread-like, with one 
extremity slightly thickened and spirally twisted. 
Now turn the animal over so that the dorsal side is 
uppermost, and open the pulmonary chamber as 
before directed. Remove carefully, piece by piece, 
the coiled intestine. Running parallel with the 
rectum, and lying over it will be seen the more or 
less inflated anterior portion of the uterus, and lying 
internally to this is the yellow vas deferens. Raise 
the albumen gland and cut the hermaphrodite duct. 
The albumen gland will be found to consist of two 
portions, the lower part being yellow, and composed 
of coiled tubules. This is the posterior portion of 
the uterus. Dissect out the vas deferens. On ap- 
proaching the anus it will be found to turn suddenly 
forward and to enter the base of the penis. Near 
where it enters two other glands will be found, also 
entering the penis; one of these is bright yellow, the 
other white. The yellow gland can be unravelled, 
and is found to consist of a long simple tube. The 
white gland is composed of coiled tubes, which can- 
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not be opened out. Cut out the penis and examine. 
Its point is notched. Lay the albumen gland with 
portions of the hermaphrodite duct and vas deferens 
on a glass slide, and spread out with a brush. On 
the duct, near where it enters the gland, a small 
pyziform cecum will be found. Examine with the 
microscope both portions of the albumen gland, the 
vas deferens, and the glands of the penis. Examine 
that portion of the mantle that formed the roof of 
the pulmonary chamber. On the outside a granular 
looking patch will be seen. Cut this out and 
examine. ‘The round bodies are egg capsules. Some 
may be found containing embryos. Examine these 
carefully. 


Note.—Throughout the tissues of this animal lenticular concretions 
of calcium carbonate will be found. They readily dissolve in acid. 


EXERCISE IX. 
THE SHORE CRAB. 


Sub-kingdom—ARTHROPODA. Class—CRUSTACEA. 
Sub-class—PODOPHALMATA. 
Order—DECAPODA: Five pairs of legs; branchie enclosed in the carapace. 


Tribe—BRACHYURA: Abdomen inflexed beneath the body ; antenne short ; 
fourth and fifth pairs of legs not raised above the others, and not. 
chelate. 


1. External characters.—Kill the crab by immersion in 
weak spirit. The upper surface is almost entirely 
covered by a hard shell—the carapace. On the 
anterior margin are the eyes at the tips of their 
peduncles, which are lodged in cavities in the cara- 
pace. That portion of the carapace between the 
orbital cavities is called the front. The carapace is 
divided into regions, named from the organs that le 
below them. The central portion, behind the front, 
is the gastric region, on each side of which lie the 
right and left hepatic regions. The centre of the 
carapace is the genital region, and the posterior 
the cardiac region. The two lateral portions, behind 
the hepatic regions, are the right and left branchial 
regions. On turning the animal over, the cara- 
pace is seen to be inflected anteriorly on each side 
of the mouth, forming the sub-hepatie, or ptery- 
gostomian regions. Posteriorly the carapace 1s ope 
on each side of the abdomen, forming the afferent 
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openings by which water is taken into the branchie ; 
the efferent canals from the branchiz terminate on 
each side of the palate. The abdomen is short, and 
inflexed beneath the body; in the male it is com- 
paratively narrow, but in the female it is very broad, 
and acts as an ovarian pouch. It has from five to 
seven joints. Between the legs, and extending up to 
the mouth, is the sternwm, divided into five seg- 
ments. In the female the genital openings will be 
found on the third segment of the sternum ; there 
are two, one on each side, not very distant from the 
middle line. In the male the genital openings are 
either on the last sternal segment, or at the bases of 
the last pair of legs. Appendages. There are four 
pairs of ambulatory legs, each divided into five 
joints. The basal joint is the cova; that next it the 
trochanter, which is followed by the femur, the 
longest joint of the leg ; then comes the tibia, divided 
into two portions by an oblique suture: the last joint 
is the tarsus. The anterior pair of legs are larger 
and chelate, with a movable finger. The trochanter 
is generally called the arm; the femur the wrist ; and 
the tibia the hand, while the movable finger repre- 
sents the tarsus. On each side of the mouth there 
are six pairs of modified appendages. The three 
outer pairs are called maxillipedes; the two next 
pairs, which are delicate, the maxille; and the 
anterior pair, which is strong and toothed, the man- 
dibles. The examination of these organs is better | 
deferred until the internal structure has been studied. 
In front of the mouth will be seen two pairs of 
antennce. The “internal antenne,’ or antennules, 
are the smaller, and lie under the front. The exter- 
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nal antennee are larger, and lie between the front and 
the orbit; the basal joints are large, and firmly 
attached to the carapace. 

2. Ascertain the name of the crab by means of the fol- 
lowing analysis, which includes only the eight species 
most common on the shores of New Zealand :— 


Sub-Tribe Cyclometopa.—Carapace arched in front. Fourth 
joint of the external maxillipedes inserted at the summit or 
the antero-internal angle of the third joint. Male genital 
appendages at the base of the fifth pair of legs. 


FAMILY Cancrid#,—All the tarsi styliform. 


GENUS Cancer.—External maxillipedes long, the third joint 
rounded. 

Cancer novezcalandie.—Latero-anterior margins of the 
carapace with ten crenated lobes. Front with 
three teeth. 

GENUS Heterozius.—Third joint of the external maxillipedes 
very small, and narrowed anteriorly. 

Heterozius rotundifrons.—Latero-anterior margins en- 
tire. Front narrow, prominent, rounded in the 
middle, where it is divided by a narrow fissure of 
little depth. 


Sub-Tribe Catometopa. — Carapace sub-quadrate. Fourth 
joint of the external maxillipedes inserted at the summit, 
or at the antero-external angle of the third joint, Male 
genital appendages in the sternum, near the basal joints of 
the fifth pair of legs. 

FAMILY Macropthalmide.— Eye peduncles long, not less 
than one-third the width of the carapace. 

Genus Hemiplax.—Front nearly one-third the breadth of the 
carapace. Anterior legs sub-equal. 

Hemiplax hirtipes—Antero-lateral margin of the cara- 
pace with three teeth; the first strong, the two 
others smaller, acute. 

FAMILY Grapsidez.—Hye peduncles short, not equal in length 
to one-third of the width of the carapace. 

GzeNus Heterograpsus.—Internal antennz concealed by the 
front. No oblique hairy crest on the third joint of the 
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external maxillipedes. Antero-lateral margin of the cara- 
pace with three teeth. 
Herograpsus sexdentatus.—Legs smooth. 
Heterograpsus crenulatus.—Legs with long hairs. 


Genus Cyclograpsus.—Internal antennz concealed by the 
front. Antero-lateral margins of the carapace entire. 
Cyclograpsus lavauxi.—Carapace and legs nearly smooth 
with marbled spots. 


Genus Helice.— Internal antennz concealed by the front, 
Antero-lateral margin of the carapace with two teeth. 
Felice crassa.—¥ront half as long as the width of the 
carapace. Hands short and high. 


GENUS Plagusia.—Internal antennz exposed in a longitudinal 
sinus of the front. Hands longitudinally ribbed. 
Plagusia chabrus—Front terminated anteriorly by a 
granulous border, curved, and armed above with 
two acute spines. 


3. Internal structure.—Fasten the animal to the loaded 
cork by pins through the legs. Cut with a knife the 
attachment of the abdomen with the carapace, taking 
care not to cut deep. Insert the point of the scissors 
into the opening into the branchial cavity on one 
side of the abdomen, and cut the carapace just 
inside the margin up to the orbit. Do the same 
with the other side. Slightly raise the posterior 
portion of the carapace, and with the handle of a 
knife detach it from the soft parts of the animal. 
With the scissors cut the carapace close along the 
front, and remove it. 

4. Cover with water. A dark black or blue-black skin 
will be found covering the viscera. Carefully 
remove this. Observe the angular heart, lying in the 
pericardium, in the median line, just in front of the 
abdomen. In front of the heart the large stomach, 
containing some hard calcareous pieces. On either 
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side of the heart lie the branchiz. On either side 
of the stomach the reproductive organs will be 
seen if they are well developed; they are either 
white, or dark rich brown, or yellow brown. At the 
anterior edge of the carapace observe the cerebral 
ganglion. With a curved needle turn back gently 
the reproductive organs ; below them will be seen the 
liver. It consists of a number of tubuli of a white 
or yellow colour, lying outside and below the repro- 
ductive organs. Sometimes the reproductive organs 
are not well developed, in which case the liver can 
be seen without disturbing them. 

5. Open the pericardium and examine the heart. There 
are three anterior arteries, two inferior, and one 
posterior. Trace them as far as you can. Cut out 
the heart and examine with the microscope; it is 
coated with unstriped muscular fibres. 

6. Alimentary system.—Remove, ‘bit by bit, the greater 
part of the liver. Examine a portion with the 
microscope. The walls of the tubes are formed by 
numerous cells, between which are numerous fat 
globules. Trace back the intestine into the abdomen. 
Notice the whitish slender tubes entering it—cecal 
appendages. | 

7. Cut through the gullet, and remove the stomach and 
intestine, and place it ina saucer of water. Notice 
the two hepatic ducts opening just behind the 
pylorus. Cut open the stomach. It consists of two 
portions, the larger cardiac (anterior), and the smaller 
pyloric (posterior). The interior contains numerous 
bristles in the anterior portion. In the posterior 
part of the cardiac portion are three solid calcareous 
pieces; a short transverse piece, from each end of 
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which proceeds a longer longitudinal piece which is 
ridged or crenulated. | 

8, Wash out the body of the crab with a camel-hair brush, 
and examine the reproductive organs. Trace down 
as far as you ‘can the efferent ducts; in the female 
towards the centre of the sternum; in the male 
towards the bases of the last pair of legs. Hxamine 
a, portion of the sex gland with the microscope. The 
ova are of the usual form. The spermatozoa are 
radiating cells, with the head in the centre. They 
have no movements. 

9, Wash out the body again and cover with clean water. 
Examine the nervous system, Notice the large 
round thoracic ganglion lying in the middle of the 
thorax, and sending off radiating nerve cords to the 
legs, &c. Anteriorly are the two cesophageal cords 
which unite the thoracic to the cerebral ganglion, 
already seen. ~ Posteriorly a single non-gangliated 
cord passes into the abdomen. Remove the thoracic 
ganglion with some of the cords, and examine with 
your highest power. 

10, Examine the branchiw. There are either seven 
(catometopa), or nine (cyclometopa), on each side. 
Above them lies longitudinally a long flagellum, 
pointing backward, which serves by its movements 
to keep the branchiz clean. Cut them away and 
observe that they are attached to the appendages. 
Examine a portion of one with the microscope. They 
are not ciliated. 

11. Cut off a small portion of one of the muscles of the 
legs, and tease it out with needles in a drop of water 
on a slide. Examine with the quarter objective. It 
is composed of fibres transversely striated. 
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12. Masticatory apparatus.—Remove the animal from 
the water and turn it on its back. With a piece of 
blotting paper dry up the water about the mouth. 
With the forceps remove the six pairs of appen- 
dages, and lay them out in order on a glass slide, the 
exterior maxillipedes being nearest you. Compare 
the various parts. The third or external maxillipedes 
have a short broad protopodite (the first joint), from 
from which springs a large and broad endopodite, and 
a narrow exopodite. The endopodite is divided into 
five joints, of which the first two (the second and 
third joints of the maxillipedes) are broad, the last 
three much smaller. The exopodite, or palp, consists 
of a long joint, with a many-jointed appendage. In 
the second maxillipedes the exopodite, or palp, is as 
large as the endopodite. In the first maxillipedes 
the endopodite is short and broad. The second pair 
of maxillz are short and broad ; the first pair are very 
delicate, and not easy to find ina small crab. The 
mandibles are large and strong. 

13. Examine the appendages on the under surface of the 
abdomen. In the male there is one pair only; they 
spring from the first segment and lie longitudinally, 
In the female there are four pairs, each with a 
distinct exopodite, and endopodite. 


EXERCISE X. 
THE STICK INSECT (Bacillus). 


Sub-kingdom—ARTHROPODA.  Class—INSECTA. Order—ORTHOPTERA. 


Hamily—PHASMID, 


1. External characters.—Kill the animal by putting it 
into the killing bottle. It is divided distinctly 
into head, thorax and abdomen. The head is oval, 
sub-depressed, with large globular compound eyes, in 
front of which are the antennze, many jointed, the 
two basal joints being larger and flatter. There are 
no ocelli. The thorax is divided into three parts, 
prothorax, mesothorax, and metathorax, each of 
which carries a pair of legs. There are no wings. 
The prothorax is small; the mesothorax and meta- 
thorax are long, with a pair of legs at the posterior 
end of each. The basal joints of the lees—the coxze 
—are short and thick ; then follows the proper third 
joint (femur), the trochanter being absent, and the 
fourth (tibia) are long, and about equal in length. 
The tarsi are five-jointed, and have two claws, with 
a cushion, or pulvillus, between them. This is some- 
times called a sixth joint. Each segment of the 
thorax is formed by two plates—a dorsal, called the 
notum, and a ventral, called the sternum. In the 
connecting membrane between the prothorax and the 
mesothorax, and between this and the metathorax, 
just where the nota and sterna meet, is a spiracle— 
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one on each side. On the dorsal surface of the 
abdomen there are nine segments; on the ventral 
surface there are also nine in the male, but only 
seven in the female, the sternum of the seventh 
seoment being much enlarged and produced, serving 
as an ovipositor, and covering the sterna of the 
eighth and ninth seements. At the end of the last 
‘segment there is a pair of flat plates. At the line 
ioining the dorsal plates (terga) of the segments with 
the ventral plates (sterna), there is a row of spiracles, 
one to each of the first seven segments near its 
anterior end. 

2. Specific characters.—Seven species of Bacillus have 
been described from New Zealand. Make out the 
species by means of the following analysis :— 


Abdomen spinous above. 
Head with two tubercles between the eyes—JB. hystriculea. 
Head with ten or twelve black spines—B. geisovit. 
Abdomen not spinous above. 
Abdomen spinous below. 
Basal joint of tarsi crested—JL. horridus. 
Basal joint of tarsi not crested—JB. spiniger. 
Abdomen tubercled below. 
Meso and metathorax spined. 
Head with spines—JS. prasinus. 
Head without spines—JS. gerhardit, 
Meso and metathorax smooth. 
Two black lines on the sides of the head—B. hooker. 


The males are smaller, smoother, and much more 
slender than the females. The females are commoner 
than the males, and are better for commencing the 
study of their anatomy ; consequently, in the follow- 
ing directions, a female is supposed to be the subject 
of examination. 

3, Internal structure—Fasten the animal, temporarily, 
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to the cork, dorsal side up, by means of pins put in 
slanting over the thorax. Make a longitudinal, 
median incision from the end of the abdomen to the 
head. Pull the sides of the abdomen and thorax 
carefully open and fasten with two or three pins on 
each side, removing those first putin. Cover with 
water. Notice that the parietes of the body is lined 
with a pale yellow fatty mass, the corpus adiposum. 
The long cesophagus semi-transparent, and coloured 
with the food inside, extending to the middle of the 
mesothorax, slightly enlarged into a crop at the end, 
and then constricted before it passes into the stomach. 
This viscus is cylindrical and occupies the greater 
part of the metathorax ; its posterior end is hidden by 
a yellowish-brown coating. The abdomen is filled 
with the yellowish ovaries. Notice the silky white 
branching trachew. There is a large longitudinal 
trunk on each side of the alimentary canal. 

4, Turn back the ovaries, cutting, when necessary, the 
trachez. Notice the trachew going to each sprracle 
of the abdomen and thorax. The lateral trunks on 
the alimentary canal open just behind the middle 
pair of legs. Cut off a piece of one of the trachee, 
mount it in water under a thin glass cover, and 

examine with the inch objective. Place one of the 
cut ends in the field and press down the cover class 
with the handle of a needle. Observe the bubble of 
air coming out from it. Examine with the quarter 
objective and notice the spiral fibre. 

D. Alimentary system, — Notice the intestine going 

| straight to the terminal anus, and the large number 
of white malpighian tubes—renal organ — lying 
around it. Notice the white salivary clands in the 
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mesothorax. Gently push the cesophagus on one 
side with a bent needle and observe the salivary 
ducts running forward in the prothorax. The two 
unite into a single duct, which opens inte the mouth 
beneath. Cut the intestine close to the anus and 
turn it forward, cutting the trachez when necessary. 
Cut the cesophagus near the head, and remove the 
alimentary canal to a glass slide. Lay it out with a 
camel-hair brush and water. Brush out the mal- 
pighian tubes. They are very numerous, and open 
into the intestine about half-way between the pyloric 
end of the stomach and the anus. The pyloric end 
of the stomach and the duodenum are surrounded by 
a thick yellowish-brown cellular mass, the liver. 
Examine a portion with the microscope, and then 
gently remove the remainder. ‘The stomach passes 
suddenly into the anterior portion of the intestine— 
the duodenum. Examine a portion of the malpighian 
tubes with the quarter objective. Lay open the 
stomach and cesophagus with the scissors, and wash 
away the contained food with a brush. Examine a 
portion with the microscope. Notice the numerous 
rows of small teeth in the cesophagus and stomach, 
pointing backward, and the large thorn-like teeth in 
the stomach. Also notice the longitudinal and trans- 
verse bands of muscular fibres. The fibres are trans- 
versely striated. 


6. Reproductive system, The ovaries are two, one on 


each side. They are pectinated, the short unilocular 
pedunculated ovarian tubes being inserted on the 
outer side only of the oviducts. Trace the oviducts 
down. They unite to form a vagina which opens in 
the seventh segment. Opening into the vagina 1s 4 
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delicate pedunculated, pyriform vesicle, the sperma- 
theca. There are no glandular appendages. In the 
male the testes are a grape-like mass of follicles 
round a dilated portion of the vas deferens. The 
vasa deferentia unite to forma ductus eyaculatorius, 
on which there are no glandular appendages. 

7. Nervous system. Hold the head firmly with a bent 
needle, and slice off the upper portion with a scalpel, 
cutting from before backward; enlarge the opening 
with scissors if necessary. The muscles cf the head 
will be exposed. Separate them along the median 
line, and below will be seen the oval cerebral gang- 
lion. From this proceeds anteriorly a pair of nerves 
to the antennz, and laterally a pair to the eyes. 
Two nerve cords come off from behind which pass on 
each side of the pharynx, and meet behind it in the 
first thoracic ganglion. The two cords continue 
through the whole of the thorax and abdomen, with 
three ganglia in the thorax and seven in the abdo- 
men. Cut out a portion of the abdominal nerve 
cords, and examine with the microscope ; lateral 
nerves are given off from the ganglia, but not from 
the cords. There is also a visceral or stomato-gastric 
nerve system which arises from the anterior border 
of the cerebral ganglion and goes to the pharynx, 
and then passes backward on the cesophagus; this 
nerve, the nervus recurrens, is connected with ganglia 
on the cesophagus behind the cerebral ganglion 
This part of the nervous system is difficult to make 
out. 

8, Examine with the quarter objective a portion of the 
muscles from the head. They are striated. Notice 
the trachez traversing them. Clear away the fatty 
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mass round the base of one of the legs; notice the 
two large longitudinal muscles, one on each side. 
The anterior one is the extensor of the leg, the pos- 
terior is the flexor. Cut a portion of one out, mount 
in water, cover lightly with thin glass, and examine 
with the quarter objective. The muscular fibres are 
transversely striated, but not so distinctly as the 
muscles of the head. Now press down the cover- 
glass firmly and examine again ; nearly all trace of 
the striations will have disappeared. Cut off one of 
the legs and hold up the foot to the light ; notice the 
tendon of the flexor muscle going to the claws. 


9. Examine a portion of the corpus adiposum. 


10. Masticatory apparatus. Remove the animal from 


the water; dry it with a cloth, and fasten it down 
again to the cork with its ventral side upward. Dry 
the mouth with a piece of blotting paper. Remove 
with the forceps the different parts of the mouth, 
beginning with the labium, and arrange them in 
order on a glass slide. Notice the labiwm, divided 
transversely into two portions; the basal is dark 
coloured, and bears the three-jointed, black, labial 
palpi; the upper portion is light colored, and bears at 
its end four pale yellow, labial lobes, of which the 
outer are much the larger. The mawille ; small, two- 
lobed, the inner of which is toothed; the maxillary 
palpi are green, and five-jointed. The mandibles ; 
strong and horny, with denticulate, dark coloured 
tips. The labrum; broader than long, and deeply 
notched in front. 


11. The dorsal vessel.—Take another animal, kill it, and 


pin it down with the ventral side upward. Make a 
longitudinal incision up the abdomen and thorax, 
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and pin the sides back. Cover with water. Cut the 
intestine and turn it and the stomach forward, 
cutting the tracheze when necessary, and tearing as 
little as possible. Turn the reproductive organs 
backward in the same way. The dorsal vessel will 
be seen as a fine tube lying along the middle line. 


Norrt.—The pulsations of the dorsal vessel can be easily seen through 
the integument in living specimens of the leaf-rolling caterpillars belong- 
ing to the family Tortricidae. 


EXERCISE XI. 
THE BLUE-BOTTLE FLY (Culliphora). 


Sub-kingdom—ARTHROPODA.  Class—INSECTA. Order—DIPTERA. 
Family—Muvscipz, 


1. General characters.—Kill the fly in the killing bottle. 
The body is distinctly divided into head, thorax, 
and abdomen. The head is hemispherical, with two 
large eyes, which are closely approximated in the 
male, but are wide apart in the female. The ocelli 
are three in number, on the top of the head between 
the eyes. The antenne are three jointed ; the third 
joint is flattened; it is four times as long as the 
second, and carries on its dorsal margin a plumose 
bristle. The proboscis ends in a fleshy Icbe, with 
single jointed maxillary palpi. The thoraw 1s very 
obscurely divided into prothorax, mesothorax, and 
metathorax, the first and last being very feebly de- 
veloped. The prothorax carries one pair of legs. 
The mesothorax carries a pair of legs and a pair of 
wings, and the metathorax carries a pair of legs and 
a pair of small club-shaped organs—the halteres— 
which are the rudimentary hind wings. The longi- 
tudinal veins of the wing are simple (w¢., not 
branched). The tarsi are five-jointed, and have 
between the claws two small cushions, or pulvillt. 
Behind the thorax is the triangular scutellwm; it 1s 
an appendage of the mesothorax; on either side of 
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it is a scale like appendage—the tegulw. The 
abdomen is short and broad at the base, and composed 
of five segments. 

2. Specific characters.—Four species of blue-bottle are 
found in New Zealand. They can be thus distin- 
guished :— 

Third joint of antenne yellow—C. antennatus. 
. 5, dark coloured. 
Palpi dark coloured—C. hortona. 
» yellow 
Large, eyes hairy—C. quadrimaculata. 
Small, eyes smooth—(C, tcela. 

3. Internal Structure.—The best way to examine the 
internal structure of insects 1s to imbed them in wax 
or plaster of Paris. A small tray large enough to 
hold the insect should be made with stiff paper ; this 
should be filled with melted bees-wax, or plaster of 
Paris, and while soft the insect should be pressed 
into it so that it is half buried. This holds the 
insect very firm and prevents the organs getting dis- 
placed when cutting the integument, but as it takes 
some time, it will be sufficient for an ordinary exam1- 
nation, to hold the fly down on a cork by pins, or 
weights on the wings. 

4, Steadying the insect with a finger of the left hand, cut 
open the abdomen, along each side, from the apex to 
the base. Raise the dorsal part of the integument 
with the forceps and cut it off at the base. On each 
side of the abdomen will be seen the reproductive 
organs. In the female, which is by far the more 
common, the ovaries are very conspicuous bundles of 
yellowish-white opaque tubes; in the male, the testes 
are reddish brown, and not so conspicuous. In the 
centre of the abdomen lie the transparent white coils 
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of the intestine, with some narrower folds of the: 
salivary glands, and the pinkish white (yellow in 0O- 
cela) malpighian tubes. On each side of the base of 
the abdomen lies a large silvery white air sac. 

5. Fasten the animal to the cork by two pins through the 
integument of the abdomen in front of the reproduc- 
tive organs. Cover with water. Turn back the re-. 
productive organs, cutting the tracheze which hold 
them down, over the apex of the abdomen, and pull 
the alimentary system over to one side. Examine 
the parts in situ. The two oviducts, or vasa defer- 
entia, join together, and open in front of the anus. 
In the female notice the three black spots, two on the 
right side and one on the left, on the vagina. These 
are the spermathecee. Trace the intestine to the 
thorax. 

6. Open the thorax by cutting all round it, and remove 
the dorsal portion of the integument. A large mass. 
of dorsal thoracic muscles, lying longitudinally, will 
be seen. Examine a portion with the quarter objec- 
tive. They are made up of loosely aggregated 
bundles of fibres, which are not striped. Notice the 
numerous trachez penetrating them. With the for- 
ceps and a needle remove these muscles bit by bit, 
and trace up the alimentary canal to the head. This 
portion is the stomach, but it is not much broader 
than the intestine. On either side of the stomach 
lie coils of the salivary glands, not easy to make out 
among the muscles. 

7. Alimentary system.—Cut through the stomach ; de- 
tach the last two segments of the abdomen, and 
remove to a glass slide the alimentary and reproduc- 
tive systems. Cover with water, and with a fine 
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eamel-hair brush lay them out. Examine with the 
inch objective. The stomach and the intestine as far 
as the malpighian tubes are coated with longitudinal 
and circular bands of muscles. The malpighian 
tubes unite to open into the intestine by two ducts 
opposite one another. The tubes have numerous 
constrictions. A short distance below the malpighian 
ducts, the intestine is constricted ; it then swells out 
into a pyriform sac, and is again constricted. It is 
then largely dilated, and contracts to the anus. Upon 
this dilatation are situated the four rectal papilla, 
the function of which is unknown. These papille 
are conical, and folded over the rectum; they are 
hollow, and at the end of each are a number of small 
projections, bearing bunches of sete on the tops. 

8. Reproductive organs.—In the female, the ovaries con- 
sist of a number of tubular follicles, arranged side by 
side, opening into the expanded end of the oviducts. 
These oviducts unite into one, which receives at its 
termination the ducts of two cylindrical, semi-trans- 
parent albwmen glands. Just where the albumen 
glands open into the oviduct, the spermathece branch 
off. These are three in number, each consisting of a 
dark brown, or black, chitinous capsule situated on a 
long tube. A little below the openings of the sper- 
mathecee, the oviduct swells out into a vagina. In 
the male, the testes are two pyriform bodies, sur- 
rounced by a layer of glandular cells. The ducts unite 
together to form a vas deferens. Just where they 
meet, two cylindrical albumen glands also open into 
the vas deferens. On the vas deferens is seated a 
chitinous capsule, surrounded by muscles. This is 
the eyaculatory organ. 
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9. The nervous system.—Carefully remove the muscles 
out of the thorax. On the floor will be seen a large 
oval ganglion. A strong nerve proceeds from this 
into the head, and about six strong nerves come off 
on either side. A much smaller nerve proceeds pos- 
teriorly into the abdomen. The cerebral ganglion is 
not easy to see, but an attempt may be made to slice 
off the crown of the head and upper portion of the 
eyes. | 

10, The dorsal vessel.—Take another fly, open the abdo- 
men from below, and remove the reproductive and 
alimentary systems. ‘The dorsal vessel will be seen 
lying along the middle line. It is white, broad an- 
teriorly, and tapering posteriorly. Dissect it out, 
place it on a slide, and examine. 

11. Integumentary organs.—The proboscis. Pull out the 
proboscis and cut it off close up to the head, above 
the palpi. Spread it out with needles in a drop of 
water, and examine. Notice the labial appendages: 
composed of two broad lobes with a series of trachez- 
like canals with incomplete rings, the false trachee. 
These form a strainer by which the fly separates the 
fluid matter from the substance on which it is feeding. 
These pass backward into the ligula, which is 
enclosed between two chitinous portions, one dorsal, 
the other ventral. The dorsal portion is composed of 
the labrum and the maxille ; the ventral portion is 
the labiwm. Upon the upper portion of the maxillz 
are the single-jointed maxillary palpi. Notice the 
small pores at the extremity of the palpi. The 
antenne are composed of three joints, the first and 
second of which are short, the third long and bearing 
a plumose seta. The third joint is covered by small 
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hairs, between which are pellucid dots. These are 
small sacculi, opening by pores on the surface, like 
those of the maxillary palpi.* The eyes. Cut off a 
portion of one of the eyes and spread it out. Notice 
the hexagonal facets of the horny integument. The 
halteres. Cut one out with part of the thoracic in- 
tegument attached. It is composed of three portions 
—hbase, pedicle, and globe. Notice the large vesicles 
in the globe, and the bright spots on the base. The 
legs. Made up of the fellowing pieces—coxa, troch- 
anter, femur, tibia, and tarsus. The last is five- 
jointed, the last of which bears a pair of pads and a 
pair of claws above them. The spiracles are two on 
each side in the thorax, and in the abdomen the male 
has eight and the female six on each side. Trace 
down the tracheze to one of the abdominal spiracles, 
and cut the integument all round it. Examine with 
the inch objective. 

12. The wings.—Cut off one of the wings close to the 
thorax, and examine it. The outer marginal vein is 
called the costa, or costal ven. From the thorax 
proceed two large trunks, each of which splits up 
into several longitudinal veins, and these two sets of 
longitudinal veins are connected by a short transverse 
vein. Of the upper set of longitudinal veins, the 
lowest, which is met by the transverse vein, is the 
cubital vein ; the next above is the radial vein; the 
next, the swb-costal vein ; and the next, the medvas- 
tinal vein, Of the lower set, the upper vein, which 
is met by the transverse vein, is the discotdal vein ; 
near the margin of the wing it is bent up so as nearly 

* These are better seen in a fly that has been boiled for a short time 


in a solution of potash, well washed, and kept twenty-four hours in gly- 
cerine, The organs should be examined in a drop of glycerine, on a glass slide, 
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to meet the cubital vein. Below the discoidal comes 
the postical vern, which is joined to the discoidal by 
a sinuated transverse vein, nearer the margin than 
the centre of the wing. Below the postical is a short 
vein, the anal vein, which does not reach the margin. 
Near the base of the wing is the posterior transverse 
vein, crossing the postical vein, and uniting the anal 
with the discoidal vein. The two small cells thus 
enclosed are the posterior basal cells, and the cell 
enclosed by the basal portions of the cubital and 
discoidal veins, and the transverse vein, is the an- 
terior basal cell. The other cells are named from the 
veins enclosing them. The mediastinal cell is be- 
tween the mediastinal and costal veins; it is 
divided into two parts by a transverse vein. The 
space enclosed between the mediastinal and sub-costal 
veins is the costal cell. That between the sub-costal 
and radial veins isthe swb-costal cell. That between the 
cubital and radial veins is the cubital cell. The jirst 
posterior cell is enclosed between the discoidal and 
cubital veins, the transverse vein, and the margin of 
the wing. The second posterior cell extends along 
the margin of the wing from the discoidal to the 
postical vein, and is bounded internally by the 
sinuous transverse vein, which may be looked upon 
as a branch of the postical. Between the second 
posterior cell and the first posterior basal cell lies the 
discoidal cell. The anal cell lies between the postical 
and anal veins; it is not complete, as the anal vein. 
does not reach the margin. The small appendage at 
the posterior base of the wing is the alulet. The 
student should make a drawing of the wing, and 
write the names of the veins and cells on it. 


EXERCISE XII. 
THE SEA MULLET (Agonostoma fosteri). 


Sub-kingdom—VERTEBRATA. Class—PIscEs, Sub-class—TELEOSTEIL. 


Order—ACANTHOPTERI. 


1. 7 ere characters.*—The body is oblong and 
covered with scales, the posterior margins of which 
are toothed, ctenoid. The scales are all similar, there 
being no lateral line. Notice the operculwm, with 
the pre-operculum in front of it and the sub-oper- 
culum, and inter-operculum below. In front of the 
eye is the pra-orbital, which is strongly serrated pos- 
teriorly. The mouth has teeth on the intermaxillaries 
on the palatine bones, and on the vomer. The fins 
are eight in number. Two pectorals, two ventrals, 
two dorsals, the anal, and the caudal. The /irst 
dorsal fin is supported by four bony rays—spinous 
rays ; the second has one spinous ray, and ten rays that 
are softer, divided by transverse markings, and more 
or less branched at the top. These are called soft 
rays, or articulated rays. The anal fin has three 
spines and twelve soft rays. The ventrals have one 
spine and five soft rays; and the pectorals have 
fourteen soft rays each. For the sake of brevity 


* The student is supposed to have compared the skeleton of a fish 
with the description in Nicholson’s Manual of Zoology, or some other book 
on the subject, 
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these numbers are combined into the following fin 
formula :— 


P. 14; Was D. 4) 45; A. “. 


in which the numbers above the horizontal line are the 
spinous rays, those below mean the soft rays, and the 
perpendicular line shows the division between the 
two dorsal fins. 

2. Internal structure—Remove the skin in longitudinal 
strips from one side, beginning near the caudal fin. 
Notice the lateral or trunk muscles, divided by zig- 
zag lines into vertical segments, called myocomma. 
The muscular fibres are nearly horizontal. The 
myocomma are divided into two halves by the 
scleral spines which spring from the transverse pro- 
cesses of the vertebrae. Notice, just under the skin, 
a fine white cord lying along them. This is the 
lateral branch of the vagus nerve. 

3. Remove the muscles from the abdominal cavity, cutting 
down to the ribs. Notice the branching nerve on 
the posterior side of the pectoral fin. It arises on 
each side of the occipital vertebra, and is the first and 
second spinal nerve, or the spinal recurrent. Remove 
the scapular arch cutting through the scapula. Re- 
move the operculum, and notice the gills lying below. 
There are four branchial arches carrying gills on their 
lower and posterior sides, and gill rakers on their 
upper and anterior sides. The rakers on the anterior 
arch are in two rows, the anterior being long; the 
posterior row, and the single row on the other arches 
are short. These rakers act like a sieve, and prevent 
the food going out of the pharynx with the water. 
Remove them, cutting through the branchial arches 
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-a short distance away from the median portion of the 
hyoid apparatus. 

4, Open the abdominal cavity along the belly. Raise the 
side wall of the cavity gently and notice the black 
peritoneum lining the visceral cavity, and dividing 
it from the air bladder lying above. Cut through 
the ribs near the vertebral column, and remove the 
wall of the abdominal cavity, avoiding, if possible, 
rupturing the very delicate membrane of the air 
bladder. 

5. Alimentary system.—Notice the large liver in the 
anterior portion of the cavity. It is pale yellowish- 
pink, or sometimes greenish in color, and embraces 
the stomach on both sides. With the handle of a 
scalpel turn hack the lobe next you. Notice the 
cesophagus running back into the stomach, which 
forms a cul de sac, from the lower portion of which 
the globular gizzard proceeds anteriorly. From the 
pyloric end of the gizzard (anterior in position) pro- 
ceeds the first portion of the intestine, the duodenum. 
From the duodenum proceed two thick pyloric coca 
which embrace the gizzard on either side. Near the 
same place the hepatic duct from the liver empties 
into the duodenum. Notice the gall bladder on the 
right lobe of the liver; it is large, and free, and either 
transparent, or of a brownish colour. Just below the 
stomach lies the spleen; an oval, thin, organ of a 
blood red colour. It has no duct. Gently turn over 
the intestine with the handle ofthe scalpel. From the 
duodenum it proceeds backward nearly to the end of 
the visceral cavity, it then turns forward as far as the 
stomach, then backward again to the anus; so that it 
is nearly three times as long as the visceral cavity. 
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Notice the blood vessels and lymphatics of the absor- 
bent system on the mesentery which supports the 
intestine ; and the white fat masses on the peritoneal 
folds. Cut the cesophagus and the rectum near the 
anus, and remove the alimentary system to a saucer 
of water, cutting the mesentery with scissors. 

6. Go over the different parts again. Cut open the 
stomach and gizzard longitudinally and notice the 
internal folds. Examine a portion of the mesentery 
with the microscope. The high power will show, if 
the animal has not been dead too long, that the 
vessels on it are ciliated. 

7. Circulatory system.—Examine the heart; it lies in 
the throat, just under the gills. Itis divided into 
three portions; the anterior is white—the bulbus 
arteriosus ; next to it is the ventricle, red and angular ; 
above the ventricle is the awricle, dark red in colour, 
owing to its being full of clotted blood. Trace the 
aorta torward. It divides into two branches, one 
going to each set of gills. The heart is, therefore, 
respiratory, and not systemic as in the invertebrates. 
The rest of the circulatory system can only be made 
out by injecting the vessels, a process which requires 
much practice and expensive apparatus. 

8. Reproductive system.—Consists of two long tubes, 
bluish-white in colour, more or less swollen according 
to season,and lying along the upper part of the visceral 
cavity, just below the air bladder. Examine a portion 
with the microscope, and observe the sex. 

9. Renal system.—Cut open the air bladder, if it has not 
been ruptured before. It is large, extending the 
whole length of the abdominal cavity, and simple. 
The membrane is so thin that on its dorsal surface 
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the kidneys can be seen through it. These are red 
in colour, situated just below the vertebral column, 
and extend along the whole length of the abdomen. 
The wreters pass backward from them, and open 
just behind the reproductive organs. 

10. Hyoid apparatus.—Cut off the head of the fish*; open 
the mouth; divide the mandibles from the maxil- 
laries ; detach the branchiostegal membrane from the 
operculum which still remains, and cut the branchial 
arches through their centres. Remove the lower 
portion. Notice the tongue supported by the basihyal, 
the urohyal going backward, and supporting the 
branchial arches on either side. From the basihyal 
proceed on each side the two ceratohyals, which 
support the five branchiostegal rays on each side, and 
these branchiostegal rays support the branchiostegal 
membrane. 

1j. The nervous system.—Hold the head in your hand, 
and with a pair of nail scissors cut off the top of the 
skull to before the eyes and down the posterior side 
of one eye. With a camel-hair brush wash away the 
loose cellular tissue that covers the brain. The brain 
is divided into three portions. The anterior is 
forined by a pair of ganglia—the olfactory ganglia— 
from which proceed the olfactory nerves; these 
nerves swell out anteriorly into a pair of ganglia in 
the nasal cavity. The middle portion of the brain 
is formed by two rather large lobes, forming the 
optic lobes, or cerebral hemispheres. Gently push 
these on one side, and observe the thick optic nerve 
going to the eye. Notice that the optic nerve of the 


* The head may with advantage be put into strong spirit for a day 
or two, but the crystalline lens will turn opaque and white. 
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left optic lobe goes to the right eye, and vice versa. 
The posterior portion of the brain is single. It is 
called the cerebellum. From it proceed a large 
number of nerves, of which the most important are 
the fifth parr passing forward, which divide into 
several branches going to the mouth and operculum, 
and the eighth pair passing backward and sending 
branches to the gills. A large branch passes directly 
backward, and forms the vagus nerve already seen 
when taking off the skin. Divide one of the optic 
lobes with a scalpel. It is hollow inside, and the 
cavity is called the cerebral ventricle. 


12. Remove the eye. Notice the six muscles attached to 


it—four rectt, and two oblique. Notice the transpa- 
rent corned, under which the golden yellow i7%s forms 
a ring round the opening, or pupil. The white outer 
coating of the eye-ball behind the iris, is the sclerotic. 
Fasten the eye to a loaded cork by pins through the 
muscles. Prick the cornea, the aqueous humour will 
escape. With the scissors cut all round the junction 
of the iris with the sclerotic, and remove it. The 
spherical, transparent crystalline lens will be seen in 
the centre. Remove it. Below will be seen the 
transparent gelatinous vitreous hwmour. Cover with 
water. Remove the vitreous humour with a brush. 
With a pair of forceps lift up the whitish retina (it 
is quite transparent in its original state) and notice 
below it the black choroid. Remove the choroid, 
and the sclerotic will be left. With a knife scrape 
some of the iris from the cornea. 


PART ITT. 
THE ANIMAL KINGDOM. 


SYNOPSIS OF THE PRINCIPAL GROUPS. 


PROTOZOA.— Unicellular animals, of which the germ under- 
goes no segmentation in development. The protoplasm 
often differentiated into an internal granular portion, 
the endosarc; and an external hyaline portion, the 
ectosarc. No nervous system, nor body cavity, but 
usually a nucleus, and a contractile vesicle. 


Ruizopopa. No mouth ; provided with pseudopodia. 

GREGARINIDA. No mouth; no pseudopodia in the 
adult ; parasitic. 

InFusoriA. A mouth; generally with one or more cilia. 


No attempt has been made to catalogue the Protozoa, of 
New Zealand. The only special papers are 

On an operculated infusorian.—Hutton, Trans. Roy. Micros. Soc., 

1878, p. 49. 

On a new infusorian.—Hutton, Trans. N.Z. Inst., XI., p. 330. 
CaQRLENTERATA.—Body cavity opening exteriorly by the 

mouth. Furnished with thread cells. Nervous system 

absent or indistinct. Body of two membranes an 


ectoderm and endoderm, often with a mesoderm between 
them. 


PoRIFERA. Alimentary and body cavities identical ; 
oral openings numerous. 

Hyprozoa. Alimentary and body cavities identical ; 
oral opening single ; reproductive organs internal. 
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There are five sub-classes : 


Hydroida. Polypites provided with an ad- 


herent disc, and prehensile tentacles, 


Siphonophora. Hydrosoma free and oceanic, 
consisting of several polypites connected by a 
contractile coenosare, the proximal end of 
which is usually furnished with nectocalyces, 
and is dilated into a somatocyst or pneumato- 
phore. 

Discophora. Hydrosoma oceanic, consisting of 


a single nectocalyx, from which one or more 


polypites are suspended. Reproductive organs 
on the sides of the polypite, or on the necto- 
calycine canals. 

Lucernarida. The base of the hydrosoma de- 
veloped into an umbrella, in the walls of 
which the reproductive organs are produced. 


Hydrocoralla, Polypites secreting a sclero- 
dermic corallum. Hydrosoma attached, rigid. 


ActrnozoA. Alimentary canal separated from the 
body cavity ; reproductive organs external. 


There are two sub-classes: 


Zoantharia. Tentacles usually simple, nume- 
rous, In multiples of five or six. 

Alcyonaria. Polypes with eight pinnately 
fringed tentacles ; mesenteries in some multi- 
ple of four. 


CTENOPHORA. Swimming by means of comb-like 


plates bearing cilia. 


Three species of sponges from New Zealand have been 
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described by Dr. Gray in Dieffenbach’s Travels in New 
Zealand, II., p. 295; but it is doubtful whether they can be 
recognised again. 
New Zealand Sertularians.—Hutton, Trans. N.Z. Inst., V., p. 256. 
New Zealand Hydroideze.—Coughtrey, Trans. N.Z. Inst., VII., p. 281, 
and VIII., p. 298. 
New Genera and Species of Hydroida.—Allman, Pro. Lin. Soe., XII., 
p. 251. 
New Hydroids from Australia and New Zealand.—D’ Arcy Thompson, 
Ann. Nat. Hist., series 5, vol. III., p. 95. 
Sea Anemones of New Zealand.—Hutton, Trans. N.Z. Inst., XI, 
| p. 308. 
A New Species of Millepora.—Tenison-Woods, Trans. N.Z. Inst., XI., 
p. 345. 
Contributions to the Celenterate Fauna of New Zealand.—Hutton, 
Trans. N.Z. Inst., XII. 


VERMES.— Body more or less elongated, bilaterally sym- 
metrical, Alimentary canal, when present, entirely 
shut off from the somatic cavity. No jointed feet. 
Integument generally with chitinous outgrowths. 


PLATYELMIA. Body more or less flattened, not seg- 
mented ; no true body cavity ; surface generally 
ciliated ; a water-vascular system ; nervous sys- 
tem obscure, or two pharyngeal ganglia united 
by a commissure, and sending backward two 
lateral filaments. 


RoTiIFERA. Body minute, indistinctly segmented ; a 
water-vascular system, and a ciliated cephalic 
disc ; body cavity present; nervous system a 
single or double cervical ganglion, giving off 
lateral filaments. 

NEMATOIDEA. Body elongated, not segmented, cylin- 
drical; never ciliated at any period of life; a 
body cavity; nervous system an cesophageal 
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ring, or ganglion, sending backward two or 
more branches. 


GEPHYREA. Body elongate or oval, indistinctly seg- 
mented ; integument very rarely containing cal- 
careous spicules; mouth with a retractile pro- 
boseis ; nervous system an cesophageal ring, with 

a dorsal ganglion, and a simple ventral cord. 


ANNELIDA. Body elongate, segmented; appendages, 
if present, never jointed, and never modified into 
jaws; integument generally with bristles; body 
cavity divided by septa into chambers, each of 
which contains a pair of segmental organs; a 
pseud-heemal system; nervous system a gan- 
gliated cesophageal collar, with a ventral double 
chain of ganglia. 

Catalogue of Worms of New Zealand.—Hutton, Trans. N.Z. Inst,, 
XI, p. 314, and XII, 


New Zealand Aphrodite.—T, W. Kirk, Trans. N.Z. Inst., XI., p. 397. 
The New Zealand Rotifera have not yet been catalogued. 


ECHINODERMATA.—Body unsegmented, more or less 


radially symmetrical. Integument with calcareous plates 
or spicules. A water-vascular system, which often func- 
tions as a locomotive apparatus.. Nervous system an 
cesophageal ring with radiating branches. 
CRINOIDEA. Body stalked during the whole or part 
of its life. Mostly extinct. 
STELLERIDA. Body lobed or stellate, free ; integument 
coriaceous, with calcareous plates. 
ECHINOIDEA. Body more or less rounded, free, en- 
closed in a calcareous test. 
HOoLOTHUROIDEA. Body vermiform ; integument cori- 
aceous, with calcareous spicule. 
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Catalogue of the Echinodermata of New Zealand.—Hutton, Geologi- 
cal Survey Department, Wellington, 1872. 

Corrections and Additons to ditto.—Hutton, Trans. N.Z. Inst., IX., 
p. 362, and XI., p. 305. 


Catalogue of the Tertiary Mollusca and Echinodermata of New 
Zealand.—Hutton, Geol. Survey Department, Wellington, 1873. 


ARTHROPODA.—Body composed of segments, bearing 
pairs of hollow, jointed appendages. Oral apparatus 
formed by modified appendages. Hzemal system dorsal. 
Nervous system a cephalic ganglion connected with a 
double row of ganglia on the ventral surface of the 
body, which is traversed anteriorly by the cesophagus. 
Never furnished with cilia at any period of their 
existence. 


CrustTAckA. Respiration by branchie ; legs more than 
eight; two pairs of antenneze. 


There are five sub-classes: 


Cirripedia. Body furnished with a mantle, 
and enclosed in a many-valved carapace ; ab- 
domen rudimentary ; feet in the form of cirri. 


Epizoa. Body elongate, sub-articulate; the 
antenne and limbs terminated either by 
suckers, hooks, or bristles; mouth suctorial ; 
no respiratory organs; parasitic. 


Entomostraca. Body furnished with a carapace 
consisting of one or two valves ; limbs jointed, 
setiferous ; branchize attached to the limbs or 
to the oral appendages. 


Edriophthalma. Eyes sessile; no carapace ; 
head, thorax, and abdomen distinct, the two 
latter segmented ; branchize more or less con- 
nected with the legs. 
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Podophthalma. Eyes stalked; head and thorax. 
confluent, covered by a shell or carapace. 


Catalogue of the Stalk and Sessile-eyed Crustacea of New Zealand. 
—Miers, Geological Survey Department, 1876. 

New Zealand Crustacea.—G. M. Thomson, Trans. N.Z. Inst., XI., p 
230, 250, 

Additions to the Carcinological Fauna of N.Z.—T. W. Kirk, Trans. 
N.Z. Inst., XI, p. 392. 

New Zealand Entomostraca.—G. M. Thomson, Trans. N.Z. Inst.. AL, 


e: 


 p. 251, 
List of New Zealand Cirripedia—Hutton, Trans. N.Z. Inst., XI... 
p. 328, 
Notes on New Zealand Crustacea.—Hector, Trans. N.Z. Inst., IX., 
p. 272. 


ARACHNIDA. Respiration by pulmonary vesicles and 
tracheze; head united with the thorax; legs,. 
eight; no antennee. 


Aptéres —Walckenaer, Paris 1837-47, 4 vols. 8vo. and Atlas. 

Introduction to the Study of Araneidea.—O. P. Cambridge. Trans,. 
N.Z. Inst., VI., p. 187. 

On Latrodectus.—L, Powell, Trans. N.Z. Inst., III., p. 56. 

The Spiders of New Zealand.—L. Powell, Trans. N.Z. Inst., V. ,p. 280.. 

On the Trap-door Spider.—Gillies, Trans. N.Z. Inst., VIII., p. 222. 

The Trap-door Spider of New Zealand.—O. P. Cambridge, Trans.. 
N.Z. Inst., X., p. 281. 

On Desis robsoni.—L. Powell, Trans. N.Z. Inst., XI., p. 263. 

The Breeding Habits of the Katipo.—Robson, Trans. N.Z. Inst., XI.,. 
p. 391. 


ONYCHOPHORA. Respiration by trachez ; thorax not 
distinct from abdomen; legs more than eight 
pairs ; antenne one pair; integument soft; ven- 
tral nerve cords separated ; segmental organs and 
slime glands. 

On Peripatus noveezealandiz.—Hutton, Ann. Nat. Hist., series 4, vol.. 
XIV., p. 361, and series 5, vol. I., p. 204. 


On the Structure of Peripatus capensis,—Moseley, Phil. Trans., voll. 
CLXAIYV., p. 757, 
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Certain Points in the Anatomy of Peripatus capensis.—Balfour, 
Quar. Jour. Micros. Science, 1879, p. 431. 


MYRIAPODA. Respiration by traches ; thorax not dis- 
tinct from abdomen ; legs more than eight pairs ; 
antennze one pair; integument chitinous. 


Catalogue of Myriapoda,—Newport, British Museum, 1856. 
The New Zealand Myriapoda.—Hutton, Trans. N.Z. Inst., X.. p. 288. 


INSECTA. Respiration by tracheze; body divided into 
head, thorax, and abdomen ; legs, six; antenne, 
one pair. 


There are seven orders : 
Neuroptera. Four nearly equal membranous 
wings, generally reticulated; mandibulate ; 
metamorphoses incomplete. 
Orthoptera. Wings four; the two anterior 
coriaceous, or sub-membranous ; the two pos- 
terior membranous, folded longitudinally ; man- 
dibulate, labium divided; metamorposes in- 
complete. 
Hemiptera. Wings four, more or less mem- 
branous ; mouth produced into an acute suc- 
torial rostrum, formed by the labium, which 
encloses the mandibles and the maxille; 
metamorphoses incomplete. 
Coleoptera. Wings four; the anterior (elytra) 
hard, meeting down the back by a straight 
suture; the posterior membranous, folded 
transversely ; mandibulate ; metamorphoses 
complete. 
Lepidoptera. Wings four, not folded, scaly on 
both sides ; mouth suctorial, proboscis curled, 
formed by the maxille ; metamorphoses com- 
plete. 
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Diptera. Wings two, membranous, not folded ; 
posterior wings represented by halteres ; mouth 
suctorial, the proboscis formed by the labium, 
which encloses the maxille; metamorphoses 
complete. 


Hymenoptera. Wings four, membranous, with 
few veins; mandibulate, but the maxille 
and labium form a proboscis ; metamorphoses 
complete. 


List of New Zealand Insects.—Hutton, Trans. N.Z. Inst., VL, p. 158. 

On Oniscigaster wakefieldi—M‘Lachlan, Pro. Lin. Soc. Zool., XII., 
p. 139, 

List of the Hemiptera of New Zealand.—Buchanan White, Ent. 
Month. Mag., vols. XIV. and XV. 

Some Coccide in New Zealand.—Maskell, Trans. N.Z. Inst.. XI, 
p. 187. 

Catalogue of the N.Z. Diptera.—Hutiton, Trans. N.Z. Inst., XII. 

List of the N.Z. Lepidoptera.—Fereday, Trans. N.Z. Inst., VI., p. 
171, 

Contributions to the Entomology of New Zealand.—Hutton, Trans. 
N.Z. Inst., [X., p. 355. 

On the Genus Chrysophanus.—Fereday, Trans. N.Z. Inst., IX., p. 460, 
and X., p. 252. 

New genera and species of Psychidze.—Fereday, Trans. N.Z. Inst., X., 
p. 260. 

The Butterflies of New Zealand.—Butler, Trans. N.Z. Inst., X., p. 263. 

New Moths from New Zealand.—Butler, Pro. Zool. Soc., 1877, p. 379. 

Metamorphosis of Dasypodia selenophora.—Colenso, Trans. N.Z. Inst., 


XI., p. 300. 

Life History of Charagia virescens.—Gosset. Trans. N.Z. Inst., XL, 
p. 347. 

Catalogue of the N.Z. Coleoptera——Broun, Geol. Surv. Depart. (in the 
press). 


Also several papers on New Zealand coleoptera by Pascoe, Bates, 
Sharp, and Brown, in the Trans. N.Z. Inst., vols. VII., VIIL, 
and IX, 

On a Hymenopterous insect.—Maskell, Trans. N.Z. Inst., XI., p. 228. 


MOLLUSCOIDA. Body unsegmented; alimentary canal 
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bent backward, so that the two openings are approxi- 
mated; nervous system one or two ganglia, with sim- 
ple branches, placed between the openings of the ali- 
mentary canal. 


Potyzoa. Mouth surrounded by ciliated tentacles. 


BRACHIOPODA. Body enclosed in a bivalve shell; 
mouth with two long cirriferous arms. 


Catalogue of the Mollusca of New Zealand.—Hutton, Geological 
Survey Department, 1879. 


MOLLUSCA.—Body unsegmented. Lower portion of the 
integument developed into a foot; the upper portion 
produced into a mantle. Nervous system a gangliated 
cesophageal ring, and one or more visceral ganglia, 
united to the cesophageal ganglia by commissures. 
Heart dorsal, consisting of a ventricle, and one or two 
auricles. 


LAMELLIBRANCHIATA. Body enclosed in 2 bivalve 
shell; no head. 


SCAPHOPODA. Body vermiform ; head rudimentary. 


PTEROPODA. Swimming by two anterior fin-like ex- 
pansions of the foot. 


GASTEROPODA, Head distinct ; creeping by means of 
a foot. 


CEPHALOPODA. Head distinct; mouth surrounded by 
eight or ten fleshy arms. 


Critical List of the New Zealand Shells.—Von. Martens, Geol. Survey 
Department, Wellington, 1873. 

Catalogue of the Mollusca of New Zealand.—Hutton, Geol, Survey 
Department, Wellington, 1879. 

Catalogue of the Tertiary Mollusca and Kchinodermata.—Hutton, 
Geological Survey Department, Wellington, 1873. 
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On three new Tertiary Shells—Hutton, Trans, N.Z. Inst., VIL, 


p. 458. 

Tertiary Mollusca from Canterbury.—Hutton, Trans. N.Z. Inst. IX,, 
p. 593. 

The Belemnites of New Zealand.—Hector, Trans. N.Z. Inst., X., 
p. 484. 


TUNICATA—Animal enclosed in a thick, more or less 
coriaceous tunic, composed of Tunicine,* with two 
openings, oral and atrial,; pharynx perforated, and 
converted into a respiratory sac; nervous system, a 
single supra-cesophageal ganglion, with a pair of simple 
beanckos 


BrpHorA. Free swimming; tunic transparent; oral 
and atrial openings at opposite ends; branchiz 
band-like. 

ASCIDIOIDA. Fixed or embedded in mud; oral and 
atrial openings near together, more or less tubu- 
lar; the ganglion between them; branchial sac 
normal, 


The New Zealand Tunicates have not yet been cata- 
logued. Quoy and Gaimard have described six species in 
the voyage of the Astrolabe; and Boltenia australis, de- 
scribed in the same book, is also found here. 


| VERTEBRATA.—Neural and hemal regions completely 
separated, the body being formed of two parallel 
tubes. Nervous system dorsal. Generally with an in- 
ternal bony skeleton. Heart respiratory. A hepatic 
portal system always present. Limbs never more than 
four. The origin of the two cavities of the body is as 
follows: After the germinal disc has segmented, and 
the three germ layers formed, a short crescentic trans- 


* Tunicine (C,,, H, 9, 0,,) only differs from cellulose by being less 
easily saccharized. 
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verse depression is formed in the blastoderm; this is 
the head fold. A longitudinal depression appears to- 
-wards the end furthest away from the head fold—the 
primitive groove. Another depression now makes its 
appearance between the head fold and the primitive 
groove, and, widening backward, encloses the primitive 
groove. This is the medullary groove. The primitive 
groove disappears. ‘The sides of the medullary groove 
grow up, forming the dorsal lamine, the edges of 
which unite together and form the neural canal. A 
tail fold, similar to the head fold but smaller, is formed, 
and the depressions of these two folds unite laterally, 
marking off the embryo. The mesoblast splits in the 
regions of the abdomen and thorax into two lamina; 
the inner, called the splanchnopleure, formed of the 
hypoblast and part of the mesoblast ; the outer, called 
the somatoplewre, formed of the epiblast and part of 
the mesoblast. The two edges of the splanchnopleure 
unite to form the alimentary canal; and the two edges 
of the somatopleure unite, around the splanchnopleure, 
to form the body wall. Thus the body cavity is formed 
by the splitting of the mesoblast ; consequently all the 
organs in it must be formed from that layer, The 
neural canal is formed by an uprising of the epiblast ; 
consequently the main nervous system, as well as the 
integument, is formed from that layer. The alimen- 
tary canal is formed by the hypoblast. 


Pisces. Respiration during the whole of life by 
branchize; fins, supported by fin-rays, on the 
middle line of the body ; heart with one ventri- 
cle, and usually only one auricle; vertebree 
amphiccelous, except in the bony pike, (Lepi- 
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dosteus) a ganoid, in which they are opisthoce- 
lous. 
Fishes are divided into the following sub-classes: 


Pharyngobranchii. No brain, nor auditory 
organ ; heart a simple tube; respiration car- 
ried on by the perforated walls of the 
pharynx. 

Marsipobranchii. Skull cartilaginous ; noto- 
chord persistent ; heart of two chambers, but 
no bulbus arteriosus; gills sac like pouches ; 
nasal sac single. 

Elasmobranchii. Skeleton cartilaginous; nasal 
sac double; heart with ventricle, auricle, 
and contractile bulbus arteriosus, with several 
rows of valves; gills attached to the body 
wall. 


There are two orders : 
Holocephala. Only one external gill opening ; 
jaws coalescent with the skull. 
Plagiostomata. From five to seven gill open- 
ings ; jaws distinct from the skull. 
Ganoidei. Skeleton partially ossified; heart 
with ventricle, auricle, and contractile bulbus 
arteriosus, with several rows of valves; gills 
free. 
Teleostei. Skeleton ossified ; heart with ven- 
tricle, auricle, and non-contractile bulbus ar- 
teriosus, which has only one row of valves; 
gills free. 


There are five orders: 


Plectognatht. Skin with bony scutes or 
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spines; a narrow gill opening in front of the 
pectoral fins ; skeleton incompletely ossified ; 
oills pectinate ; no pneumatic duct. 


Lophobranchw. Gills composed of small 
rounded lobes; gill-cover a simple plate; a 
dermal skeleton ; snout produced, the mouth 
terminal; no pneumatic duct. 


Physostomi. All the fin rays articulated ; 
the first of the dorsal and pectorals sometimes 
spinose ; ventrals, if present, abdominal, with- 
out a spine; air bladder with a pneumatic 
duct. 


Anacanthin. Vertical and ventral fins with- 
out spinous rays; ventrals, if present, jugular 
or thoracic ; no pneumatic duct. 


Acanthopterr. Some of the rays of the 
dorsal, anal, and ventral fins spinose; no 
pneumatic duct. 


Dipnoi. Skeleton partially ossified; heart 
with ventricle and two auricles; gills free; 
air bladder converted into a lung ; nasal cavi- 
ties communicate with the mouth. 
Catalogue of the Fishes of New Zealand.—Hutton and Hector, Geo- 
logical Survey Department, 1572. 
Also numerous papers in the Trans. N.Z. Inst., by Hector, Haast, 
Hutton, Gunther, Powell, Clarke, and Campbell, 
Chimexroid Jaws from New Zealand.—Newton, Quar. Jour, Geol. 
Soc., XXXIT., p. 326. 

AMPHIBIA. Vertebral column ossified; no fin rays; 
No sternal ribs ; two occipital condyles; circu- 
lation piscine in the young, reptilian in the 
adult; respiration by branchiz when young, 
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by lungs, with or without the aid of branchie, 
when adult. There are four orders. 
Urodela. A distinct tail; no scutes nor 
scales. 
Labyrinthodonta. A distinct tail ; lower sur- 
face of the body with plates and scutes (ex- 
tinct). 
_Ophiomorpha. Tail obsolete in the adult; 
limbs absent. 
Anoura.—Tail obsolete in the adult; limbs 
present. 
On Lieopelma hochstetteri.—Fitzinger, Reise der Novara. Reptiles, 
| Trans. N.Z. Inst., XII. 
REPTILIA. Respiration hy lungs; heart with one ven- 
tricle, with an incomplete partition, and two 
auricles; skin usually with scales or scutes. 


There are twelve orders. 


Chelonia. Dorsal vertebrae and ribs joined 
together into a bony carapace; integument of 
ventral surface developed into a plastron. 
Ichthyopterygia. Body fish-like; naked; 
vertebree amphiccelous ; limbs in the form of 
paddles, with supernumerary marginal ossi- 
cles ; teeth in an alveolar groove (extinct). 


Sauropterygia. Body fish-like ; naked ; ver- 
tebze flat ; limbs paddle-like, without super- 
numerary marginal ossicles ; teeth in sockets 
(extinct). 

Pythonomorpha. Body fish-like; skin 
smooth ; vertebrze proccelous; limbs paddle- 
like, without supernumerary marginal ossi- 
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cles; teeth firmly attached to the jaws (ex- 
tinct). 

Rhynchocephala. Body lizard-like; verte- 
bree amphiccelous; ribs with uncinate pro- 
cesses; the sternal ribs articulate to the 
vertebral ribs, and abdominal ribs are present ; 
quadrate bone anchylosed to the skull: teeth 
on the palatine bones. 


Lacertilia. ‘Skin generally with scales; dor- 
sal vertebre usually proccelous, rarely am- 
phiccelous ; a pectoral arch; limbs present or 
absent ; teeth anchylosed to the jaws. 


Ophidia. Body elongated, and covered with 
scales ; dorsal vertebree proccelous; no pectoral 
arch; limbs absent, or rudimentary ; teeth 
anchylosed to the jaws. 


Crocodilia. Body with bony plates or scutes : 

teeth in distinct sockets; heart with two 

auricles and two ventricles, but the pulmonary 
and systemic aortas are connected. 


Anomodontia. Jaws sheathed in horn ; limbs 
_ strong, fitted for walking (extinct). 


Pterosauria. Jaws with teeth in sockets; 
sternum broad; hand of four digits, the outer 
of which is elongated, for carrying a mem- 
brane for flying (extinct). 

Dinosauria. Teeth in sockets; feet with 
claws ; fore limbs generally small; hind limbs 
and pelvis bird-like (extinct). 

Theriodontia. Jaws with incisors, canines, 
and molars; the canines very large (extinct). 

I 
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List of the Lizards inhabiting New Zealand.—Buller, Trans. N.Z. Inst., 
ITI., p. 4. 

List of the Lizards of Australia and New Zealand.—Gunther, Voy, 

_ Erebus, and Terror. 

On Hatteria.—Gunther, Philosophical Transactions, 1867, p. 595. 

The Tuatara Lizard.—Buller, Trans, N.Z, Inst., IX., p. 317; X., 
p.220; XL, p. 349. 

The Phyisology and Anatony of the Tuatara.—Newman, Trans. N.Z. 
Inst., X., p. 222. 

Description of a new Lizard.—Buller, Trans. N.Z. Inst., [X., p. 326. 

The fossil reptilia of New Zealand.—Hector, Trans, N.Z. Inst., VI., 
p. 333. 

Notes on the Lizards of New Zealand.—Hutton, Trans. N.Z. Inst., 
TV oipy 26%, 


AVES.— Heart with two ventricles and two auricles; 
oviparous; the fore limbs never have more than three 
digits, and the hind limbs never more than four; the 
body is covered with feathers. 


In all birds except the Saurure the metatarsals are 
anchylosed together. In all except the Odontotorme the 
anterior faces of the centres of the vertebrez are excavated 
from above downwards, and convex from side to side, while 
the posterior faces are convex from above downward, and 
excavated from side to side. 


Birds and reptiles are generally united together into a 
division called Sawropsida, they have the following points in 
common: There is only one occipital condyle; each ramus 
of the mandible is composed of several pieces, and is con- 
nected with the skull by a quadrate bone; the ankle joint 
is between the proximal and the distal divisions of the tarsus. 
Aortic arches usually two or more, but sometimes one, which 
then belongs to the right side. The aves are divided into 
five sub-classes. 


Saurure Caudal vertebree produced into a 
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tail longer than the body; metatarsals not 
anchylosed together; furculum strong (extinct). 


Odontotorme. Jaws with teeth in sockets; 
vertebree amphiccelous ; wings well developed, 
sternum with a keel (extinct). 

Odontolee. Jaws with teeth in a groove; 
wings rudimentary; sternum without a keel 
(extinct). 

Ratite. No teeth in thejaws; vomer broad ; 
upper articular head of the quadrate bone not 
divided into two parts; cervical vertebree 
with short transverse processes ; sternum with- 
out a keel, and only two centres of ossification ; 
scapula anchylosed to the coracoid and nearly 
parallel to it ; noclavicle; barbs of the feathers 
without barbules; no oil glands. There are 
four families. 

Apterygide. Beak long and slender, with the 
nostrils at the extremity ; a hind toe; wings 
rudimentary ; feathers with one shaft only to 
a quill. Consists of the kiwi only. 
Dinormithide. Beak short, arched and high ; 
a hindtoe; wings none; pectoral arch rudi- 
mentary ; feathers with two shafts to a quill 
(extinct). Consists of the moa only. 
Casuaride, Beak short; no hind toe; wings 
rudimentary ; feathers with two shafts to a 
quill. Includes the cassowary and the emu. 
Struthionide. Beak short; no hind toe; 
humerus long; feathers with only one shaft to 
a quill, Includes the ostrich and the rhea. 


Novte,—The extinct Dromornis of Australia, Hpyornis of Madagascar. 
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and Dasornis and Gastornis of the eocene period in Europe, appear to be 

intermediate between the Dinornithide and the Casuaride. 
Carinatz. Cervical vertebree without trans- 
verse process ; sternum with a keel, and usually 
five centres of ossification, one of which is 
median in the keel; scapula forming an acute 
or slightly obtuse angle with the coracoid ; 
vomer small; barbs of the feathers usually 
with barbules. : 


There are twelve orders: 


Passeres. Toes three in front and one be- 
hind, at the same level ; hind claw as long or 
longer than the middle claw; greater wing 
coverts not more than half the length of the 
secondaries ; tail of twelve feathers ; posterior 
border of sternum, with a single notch on each 
side ; oil gland naked. 

Picarie. Toes various; the tarsal envelope 
never entire behind ; hind claw not longer than 
middle claw; greater wing coverts more than 
half the length of the secondaries ; tail usually 
of ten feathers; posterior border of the ster- 
num entire, or doubly notched on each side. 
faptores. Bill hooked, with a naked cere; 
toes three in front, and one behind, with 
powerful claws, which are more or less 
retractile ; furculum strong. 

Psittacit. Bill hooked, with a sometimes 
feathered cere; toes two in front and two 
behind; upper mandible articulated to the 
skull; posterior border of sternum entire, or 
simply fenestrated ; furculum weak. 
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Columbo. Bill horny and convex at the tip, 
with a soft swelling at the base, in which the 
nostrils open; toes three in front and one 
behind ; hind toe ona level with the others ; 
no after-shaft to the feathers ; oil gland nude ; 
posterior margin of sternum doubly notched 
on each side, and fenestrated. 


Gallince. Legs strong, sometimes spurred ; the 
tibia not naked below; hind toe elevated ; 
bill short and convex ; wings short, rounded, 
concave ; feathers with an after-shaft ; posterior 
notches in the sternum very deep. 


Grallatores. Legs long; the tibia naked 
below ; toes generally long. 


Lamellvrostres. Bill depressed and broad ; both 
mandibles furnished with laminar processes ; 
anterior toes webbed ; the hind toe elevated, 
well developed. 

Steganopodes. Hind toe long and semilateral; 
all four toes united by a web; a gular pouch; 
nostrils minute or rudimentary; sternum broad, 
the posterior end entire, or with a shallow 
notch on each side. 

Longipennes. Wings long and _ pointed; 
anterior toes webbed ; hind toe elevated, small, 
or wanting; tibia naked below; bill not 
depressed, often more or less hooked at the 
tip. 

Pygopodes. Legs posterior; wings short; 
front toes webbed or lobate ; tarsi compressed ; 
feathers with an after-shaft ; plumage thick. 
Ptilopteri. Legs posterior; body evenly 


118 


ZOOLOGICAL EXERCISES. 


covered by small feathers which have an 
after-shaft ; wings with scale like feathers, 
and no distinct remiges; tail composed of 
narrow rigid feathers; anterior toes webbed : 
hind toe small and united to the tarsus; tarsi 
very short and broad, perforated by two 
longitudinal clefts; shaft of the humerus 
flattened. 


MAMMALIA.—Heart with two ventricles and two auricles : 


aortic arch single, on the left side; viviparous ; two 
occipital condyles; each ramus of the mandible is of 
one piece, and articulates with the squamosal bone of 
the skull; thorax divided from the abdomen by a 
diaphragm; body covered with hair; female with 
mammary glands. 


There are three sub-classes : 


Ornithodelphia. A large coracoid articulating 
with the sternum ; urinary organs, generative 
organs, and intestine opening into a common 
cloaca ; no placenta. 

Monotremata. Mammary glands without 
teats ; no teeth in the jaws. 


Didelphia. Coracoids merely processes of the 
scapula ; no placenta; vagina double; mam- 
mary glands with teats. 

Marsupialia. Marsupial bones attached to 
the pelvis ; female usually with a marsupium, 
or pouch. 

Moncdelphia. Coracoids merely processes of 
the scapula; a placenta developed from the 
allantois; vagina single; mammary glands 
with teats. 
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There are fifteen orders: 


Edentata. No median incisors; teeth with- 
out enamel; toes with powerful claws. 
Sirenia. No hind legs, but a horizontal cau- 
dal fin; fore limbs converted into paddles ; 
nostrils on the snout; jaws with molar teeth. 
Cetacea. No hind legs but a horizontal cau- 
dal fin; fore limbs converted into paddles ; 
nostrils on the top of the head; no molars 
in the jaws. 

Ungulata. Toes enclosed in hoofs; never 
more than four toes; no clavicles; placenta 
non-deciduate; molar teeth with dentine, 
enamel, and cement. 

Dinocerata. No upper incisors; upper ca- 
nines very lone: fore feet with five toes (ex- 
tinct). 

Tillodontia. Two long incisors, and small 
canines in each jaw ; feet plantigrade (extinct). 
Toxodontia. Molars strongly convex outside, 
and concave inside; small canines in the 
lower jaw, none in the upper; six incisors in 
the lower jaw, four in the upper (extinct). 
Hyracoidea. ‘Toes enclosed in hoof like nails, 
the hind inner toe with a claw; two incisors 
in each jaw, no canines, no clavicles ; placenta 
deciduate. 

Proboscidea. ‘Two tusk-like incisors in the 
upper jaw, none in the lower ; no canines. 
Carnivora. Canines well developed in both 
jaws; molars with sharp edges, and covered 
with enamel ; no clavicle. 
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Rodentia. Two long incisors in each jaw; no 
canines ; clavicle rudimentary. 

Chiroptera. Digits of the fore limbs pro- 
longed, and connected by a membrane—the 
patagium; clavicles strong; prosternum keeled; 
ulna rudimentary. 

Insectivora. Three kinds of teeth; incisors 
and canines short; five toes, furnished with 
claws ; clavicle well developed. 

Quadrumana. Hallux, opposable to the other 
digits ; clavicles well developed. 


The order is thus divided : 


Lemuroidea or Prosimic. Nostrils twisted ; 


six incisors in each jaw; second digit of the 
foot with a claw. Includes the lemurs. 


Simioidea. Nostrils straight; four incisors in 


each jaw; all the digits with flat nails. 
Platyrrhina. Nostrils wide apart; thumbs 
absent, or not opposable to the other digits ; 
six premolars in each jaw; tail prehensile. 
Includes the monkeys of America. 
Catarrhina. Nostrils close together ; thumbs 
opposable to the other digits ; four preemolars 
in each jaw; tail not prehensile. Includes 
monkeys and apes of Asia and Africa. They 
are divided into— 

Monkeys. Tail generally long; cheek pouches, 
and natal callosities : muzzle short. 

Basoons. Tail short; muzzle long; cheek 
pouches and natal callosities. 

ANTHROPOID APES. Tail none; no cheek 
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pouches, nor natal callosities, (except in the 
Gibbons). | 


Bimana. Hallux not opposable to the digits; 
Walks erect. Contains one species, Homo 
sapiens. “ Nature regnorum Tyrannus.” 


Whales and Dolphins of New Zealand.—Hector, Trans. N.Z. Inst., 
V., p. 154; X., p. 331 ; and many other papers. 

List of Seals, Whales, and Dolphins of New Zealand.—Gray, Trans. 
N.Z. Inst., NI., p. 87 ; and other papers by Haast, Knox, and 
Hutton. 

On a Fossil Bird and Cetacean from New Zealand.—Huxley, Quar. 
Jour. Geol. Soc., 1859, p. 670, 

On two species of Bat from New Zealand.—Tomes, Pro. Zool. Soc., 
1857, p. 134. 

The Bats of New Zealand.—Hutton, Trans. N.Z. Inst., IV. p. 184. 

Catalogue of Chiroptera.—Dobson, British Museum, 1878. 
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The student is supposed to take two insects of the 
same kind. One he has to examine and try to refer to its 
family by means of the following tables. The other he is to 
pin—if a beetle, through the right elytron; if any other 
kind, through the thorax—label with the order and family 
to which it belongs and keep on a sheet of cork When a 
sufficient number have been named, they should be grouped 
on the cork according to their orders and families. 

A magnifying glass will be sufficient for most of this 
work, but small insects, and the mouths, antenne, and tarsi, 
of the larger ones, should be examined with the inch ob- 
jective. 

The parts of the mouth of beetles should be dissected 
out and arranged in their proper order on a glass slide .The 
animal may be placed on its back for this operation, and 
pinned down with a short pin through the thorax. 

Insects may be collected in quantity during the sum- 
mer, and killed in a killing bottle, or by placing the bottle 
containing them in hot water. They may then be preserved 
either in spirit, or may be dried and kept in pill boxes, pro- 
vided that care is taken not to shake them much, for fear 
of breaking the antennz and legs. Dried insects are ren- 
dered available for examination by relaxing them, either by 
placing them for twenty-four hours on. wet sand covered 
with one thickness of blotting-paper, or by putting them 
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into a closely-stoppered, wide-mouthed bottle with finely- 
bruised laurel leaves. 


Ciass INSECTA. 


ANALYSIS OF THE ORDERS. 


A. Mouth masticatory, generally furnished with mandibles. 
a. Hind wings similar in texture to the 
fore wings. 


Wing veins numerous . , Neuroptera. 
Wing veins few ; labium enclosed by 
the maxille . . Hymenoptera.* 


b. Hind wings differing in texture from 
the fore wings. 
Hind wings folded longitudinally ; la- 


bium external, divided .  Orthoptera.* 
Hind wings folded transversely; la- 
bium external, single . Coleoptera. 


B. Mouth suctorial, without mandibles. 
a. Wings four. 
Wings more or less membranous ; pro- 


boscis straight ; Hemiptera. 

Wings covered with scales ; proboscis 
curled ; . Lepidoptera. 
b. Wings two Dyuptera. 


ORDER NEUROPTERA. 
ANALYSIS OF THE FAMILIES. 


A. Antenne shorter than the head. 
Hind wings nearly equal to the fore 
wings. , . Lnbellulide. 


* These orders contain apterous insects ; they may be distinguished by 
the structure of the mouth. 
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Hind wings much smaller; mouth nearly 


obsolete . r . Lphemerrde. 

B, Antennz moderate, not tapering to the tip. 
Wings not much reticulated . , Termitide, 
Wings densely reticulated . . Myrmeleonidee 


‘C, Antenne long and tapering. 
a. ‘Tarsi two or three-jointed. 


Hind wings not folded . Psocidea. 
Hind wings folded; mandibles rudi- 
mentary ; . Perlidee 


b. Tarsi five-jointed. 
* Hind wings not folded. 
Prothorax much narrower than me- 


sothorax ! . Hemerobude. 
Prothorax nearly as broad as the 
mesothorax . ‘ Sialide. 


** Hind wings folded. 
Wings hairy ; mandibles rudimen- 
tary . Lrehoptera. 
ORDER ORTHOPTERA. 
ANALYSIS OF THE SECTIONS. 


A. Anal segment without a forceps. 
a. Posterior femora not greatly developed. 


Head retracted into prothorax . Cursorea 
Head exserted . Gressorua, 
b, Posterior femora greatly developed . Saltatora. 


B. Anal segment with a movable forceps . Euplexoptera. 


Section CURSORIA. 


A. Tarsi five-jointed, wing covers overlapping — Blattide. 
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Section GRESSORIA. 


A. Fore legs raptorial ; Mantide. 
B. Fore legs like the others Phasmide. 
| Section SALTATORIA. 
A. Elytra horizontal in repose , Gryllide. 
B. Elytra inclined in repose. 
Antenne long . Locustide. 
Antenne short . Acridide. 


ORDER HYMENOPTERA. 
ANALYSIS OF THE SECTIONS. 


A. Posterior trochanters single ; no exserted ovipositor. 
a. Antenne not distinctly elbowed. 


Basal joint of posterior tarsi dilated Mellifera. 
Basal joint of posterior tarsi cylin- 

drical , ; Fossores. 

b. Antenne distinctly elbowed . Heterogyna. 


B. Posterior trochanters two-jointed; antennz 
not elbowed. 
Females with an exserted ovipositor . Pupwove. 
Females with a retractile borer . Lerebrantia. 


Section MELLIFERA. 


Posterior legs with long hairs ‘ Andrenidy, 
Section FOssoREs. 
ANALYSIS OF THE FAMILIES. 
A. Antenne scarcely longer thanthe head. Crabronidw. 
B, Antennz much longer than the head 


Posterior tibize spinose ‘ » Lomprlide. 
Posterior tibize unarmed , ax Thynnidee. 
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Section HETEROGYNA. 
ANALYSIS OF THE FAMILIES. 


. Peduncle of abdomen with one node . Poneride. 


Peduncle of abdomen with two nodes. 
Maxillary palpi long, six-jointed . Myrmicide. 
Maxillary palpi short, five-jointed Attide. 
Section PUPIVORA. 
ANALYSIS OF THE FAMILIES, 


. Abdomen attached to the top of the meta- 


thorax . . Hvanude. 


. Abdomen attached to the end of the meta- 


thorax. 
a. Abdomen petiolated 
* Abdomen rounded, or depressed. 


Ovipositor short . Ichnewmonide’ 
Ovipositor long ; Cryptide, 

** Abdomen compressed at the extre- 
mity . Ophionide. 
b. Abdomen sessile . ; Pimprlide, 


OrDER COLEOPTERA. 
ANALYSIS OF THE SECTIONS. 


. All the tarsi five-jointed Pentamera. 
. Posterior tarsi four-jointed, the others five- 


jointed . . Heteromera.* 
All the tarsi apparently four-jointed, the 
penultimate joint being very minute .  Zetramera.t 


. All the tarsi apparently three-jointed, the 


penultimate joint being very minute . Trimera.t 


* Some species belonging to Zrogostide and Cucujide are heterome- 


rous, but in these cases it is the basal joint of the posterior tarsi that 1s 
minute or obsolete. 


| Colydiide has also the tarsi four-jointed. 
t The Pselaphide are trimerous, but are usually placed in the 


Brachelytra, 
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Section PENTAMERA. 
ANALYSIS OF THE TRIBES. 


A. Two palpi to each maxilla. 
All the legs similar .  Geodephaga. 
The four posterior legs flattened . Hydradephaga. 
B. One palpus to each maxilla. 
a. Elytra not covering the abdomen . SBrachelytra. 
b, Elytra covering the abdomen 
* Antenne not serrated. 


+ Palpi long . ; . Palpicornia. 
++ Palpi shorter. 
Antenne clavate . Clarvicornia, 
Antenne pectinated or la- 
melliferous. . Lamellicornia. 
** Antenne serrated. 
Prosternum produced in front Sternoxi. 
Prosternum not produced in 
front ; . Malacodermi. 


Tribe GEODEPHAGA. 
ANALYSIS OF THE FAMILIES. 
A. Maxille armed with a movable claw .. Cicindelidee. 


B. Maxille not armed with a movable claw. 
a Last joint of maxillary palpi at least as 
long as preceding. 
Anterior tibiz not notched near the 


tip. Carabidee. 
Anterior .tibize Lcatied in the inside 
near the tip . Harpalide. 


6 Last joint of external maxillary palpi 
minute . . BLembidiide. 
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Tribe HYDRADEPHAGA. 


ANALYSIS OE THE FAMILIES. 


A. Anterior legs short ; antennze long Dyticider. 
B. Anterior legs long ; antennze short Gyrimdee. 
Tribe BRACHELYTRA. 

ANALYSIS OF THE FAMILIES. 

A. Tarsi five-jointed . Staphylonde. 
B. Tarsi apparently three-jointed . . Pselaphider. 
Tribe PALPICORNIA. 

ANALYSIS OF THE FAMILIES. 

A. Tarsi filiform, often ciliated .  Hydrobude. 
B. Terminal joint of anterior tarsi dilated Spheridude. 


Tribe CLAVICORNIA. 


ANALYSIS OF THE FAMILIES. 


. Antenne elbowed ; ‘ : Histeride. 
. Antenne straight. 
a. Legs capable of being retracted into 

cavities in the body a Byrrhide. 
b. No cavities in the body for the legs. 

* Coxee of the four anterior legs small 


> 


and globular . , ; Colydiide. 
** Coxee of the legs normal. 
+ Tarsi dilated : .  Nitidulide. 
++ Tarsi simple. 
1 Antenne long : Cucujide. 


2 Antenne short. 
Club two or three-jointed Trogostide. 
Club four or five-jointed Silphidee. 
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Tribe LAMELLICORNIA. 
ANALYSIS OF THE FAMILIES. 


A. Antennz elbowed, terminated by a pectinated 

club . Lucanide. 
B. Antenne not elbowed hacrainated by a club 

composed of lamelliform plates. 

a. Club of antennze with three plates. 


Antennze nine-jointed —.. . Aphrodiude. 

Antenne ten-jointed Dynastide. 
b. Club of antennsze with more than three | 

plates : : . Mololonthide. 


Tribe STERNOXL 
ANALYSIS OF THE FAMILIES. 


A. Posterior angles of the thorax produced into 
spines . Elateridee. 
B. Posterior angles gf the firsrex me produced Buprestidee. 


Tribe MALACODERMI. 
ANALYSIS OF THE FAMILIES. 


A. Body soft. 
a. Penultimate joint of the tarsi bilobed Telephoride. 
b. Tarsi simple. 


Last joint of labial palpi forked . Dascillidee. 
Last joint of labial palpi pointed . Melyride. 
B. Body firm. 
a. One or more of the joints of the tarsi 
bilobed : Cleride. 
b, Tarsi simple Piinide. 


K 
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Section HETEROMERA. 


ANALYSIS OF THE FAMILIES. 
A. Head narrowed behind into a neck. 


a. Body arched ; head inserted very low Mordellide. 
b. Body normal. 


The three last joints, of the maxillary 


palpi enlarged . . . Melandryide. 
None of the joints, or the last only, 
enlarged . Hdemeride. 
B. Head not narrowed Lehiadl. 
a. Claws of the tarsi denticulated . Cistelide, 
b, Claws of the tarsi simple. 
Antenne filiform . ; Helopide. 
Antenne moniliform . . Lenebrionidee. 


Section TETRAMERA. 


ANALYSIS OF THE TRIBES. 
A. Head produced into a beak Rhynchophora. 
B. Head not produced into a beak. 
a. Antenne linear. 
Body elongate ; antennzs very long Longicornia. 
Body ovate or round ; antennzs mode- 
rate . Phytophaga, 
b. Antenne clavate. Clavipalpr. 
Tribe RHYNCHOPHORA. 


ANALYSIS OF THE FAMILIES. 
A. Rostrum short. 


Palpi filiform. . . . Anthribide. 

Palpi conical . Scolytide. 
B. Rostrum long. 

Antenne not elbowed . : Brenthide. 


Antenne elbowed . Curculionde, 
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Tribe LONGICORNIA. 
ANALYSIS OF THE FAMILIES. 
A. Eyes emarginate, not close to the antennz Prionide. 
B. Eyes reniform, close to the antenne. 
Last joint of the palpi dilated, and trun- 
cate . Cerambycide. 
Last joint of the palpi sat dilated, pointed Lamiide. 
Tribe PHYTOPHAGA. 


ANALYSIS OF THE FAMILIES. 
A. Thorax narrower than the base of the elytra Hupodide. 

B. Thorax as broad as the base of the elytra. 
a. Insertion of the antennee widely apart Chrysomelide. 

b, Antenne inserted near together 
* Antenne on the crown of the head Cassidide, 
** Antenne near the mouth. 

Posterior femora enlarged. Halticide. 
Posterior femora simple. ; Galerucidee. 


Tribe CLAVIPALPI. 
Body oval . ’ , Erotylide. 
Section TIMERA. 


Body hemispherical . .  Coccrnellide. 


ORDER HEMIPTERA. 


ANALYSIS OF THE SECTIONS. 
A. Tarsi three-jointed 
Wings horizontal; Rostum springing from 


the front . . Heteroptera. 
Wings inclined; Rostum springing from 
the chin. : Homoptera. 


 B, Tarsi one or two-jointed : . Phytophthiria, 
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Section HETEROPTERA. 
ANALYSIS OF THE FAMILIES. 


A. Posterior legs like the others ; antennze exposed. 


a. Scutellum reaching the membranous part 
of the elytra. 
* Leos unarmed. 
+ Abdomen not spinose. 
1 Rostrum thick ; basal joint 


notin agroove. Asopide. 
2 Rostrum slender ; basal joint 
In a groove. 
Head fiat, more or less 
foliaceous , Scrocorida. 


Head not foliaceous Pentatomide. 

++ Abdomen spinose at the 
base. ‘ Acanthosomatide. 
** Legs armed with spines. Cydide. 


b Scutellum not reaching the membranous 
part of the elytra. 
* Rostrum not free the whele length ; 
antenne shorter than the body. 
+ Ocelli present. 
1 Kody flat ; rostrumina groove <Aradide. 
2 Body narrow; rostrum not 
in a groove. 
+ Antennze clubbed ; inserted 
on upper side of head Berytide. 
tt Antenne setaceous, inserted 
on lower side of head. 
Membrane of elytra with a 
cross vein, Lygerde, 
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Elytra with longitudinal 
veins only . . Pachymeridea. 
Elytra with one longitudi- 
nal vein only . Anthocoride. 
++ Ocelli none ; membrane of elytra 
with two basal cells only . Capside. 
** Rostrum free the whole length ; an- 
tenn longer than the body. | 
+ Rostrum not passing the inser- 
tion of the anterior legs. Reduvude. 
++ Rostrum passing the insertion 
of the anterior legs. 
Eyes small, globular Nabide. 
| Eyes large, reniform Saldidee. 
B. Posterior legs elevated, and ciliated ; antennz 
hidden. 
Rostrum hidden; anterior tarsi one-jointed Coriside. 
Rostrum exposed; anterior tarsi generally 
two-jointed . f .  Notonectide. 


Section HoMOPTERA. 


ANALYSIS OF THE FAMILIES. 


A. Antenne six-jointed Crcadidee. 
B. Antenne three-jointed. 
Antenne inserted beneath the eyes. Candee. 
Antennee inserted between the eyes . Cercopide. 


Section PHYTOPHTHIRIA 


ANALYSIS OF THE FAMILIES. 
A. Tarsi two-jointed. 
Antenne ten-jointed, forked at the end Psyllida. 
Antenne seven-jointed, simple A phide. 
B, Tarsi one-jointed . ; Coccidee. 
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ORDER LEPIDOPTERA. 
ANALYSIS OF THE FAMILIES. 


A. Antenne terminated by a club; hind wings 
without a retinaculum. 
Fore legs imperfectly developed . Nymphalide. 
Fore legs well developed . . Lycemde. 


B. Antenne not clubbed ; hind wings generally 
with a retinaculum. 
a. Wings not divided into narrow rays. 
* Antenne prismatic, thickest in the 
middle ; : Sphingide. 
** Antenne simple or pectinated. 


+ Body robust. 


1 Tongue short or rudimentary. 
Antenne short, filiform § Hemalide. 
Antenne bi-pectinated Psychide. 


2 Tongue long. 
Wings large, broad . Leptosomide. 
Wings narrow [Noctuidu. 


++ Body slender. 


1 Wings large, broad. 
Labial palpi small . Geometride. 
Labial palpi elongated Pyralide. 


2 Wings narrow. 
Maxillary palpi small Tortricidae. 
Maxillary palpi large Tinerde. 


b, Wings divided into narrow rays. Pterophoride. 
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ANALYSIS OF THE SECTIONS. 


A. Antenne six or more jointed ; Palp four or 


five jointed Nemocera. 
B. Antennz three-jointed ; on one or share! 
jointed . ; Brachycera. 


Section NEMOCERA. 
ANALYSIS OF THE FAMILIES. 


A. Thorax without any transverse suture. 
a. Tibiz not spurred. 
* Wings hairy. 
Longitudinal veins few . Cecidomyrde. 
Longitudinal veins many . Psychodide. 
** Wings naked. 
+ No ocelli. 
] Legs long ; antennz with more 
than twelve joints. 
Costal vein continued round 


the margin of the wing . Culrcide. 

Costal vein ending near the 
tip of the wing . . Chironomde. 

2 Legs short; antennz with less 
than twelve joints . Sumulide. 

++ Ocelli three. 
No discal cell Bibionide. 
A discal cell ; ; Rhyphide, 
b. Tibize spurred. 

Anterior tibiz unarmed . . Blepharoceride. 
All the tibize spurred ; . Mycetophilide, 


B. Thorax with a V shaped, transverse suture Tipulida, 
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Section BRACHYCERA. 
ANALYSIS OF THE FAMILIES. 
A. Third joint of antenne annulated. 
a. Antenne not clavate. 
* Teoulee small. 
| Tibize spurred . Aylophagrde. 

2 Tibee not spurred. | 

Longitudinal veins crowded 


anteriorly . Stratiomyide. 
Longitudinal veins not crowd- 
ed Acanthomeride. 
** Teoulee large. Tabanide. 
b. Antenne clnvaee . Midasida. 


B. Third joint of the antennee sited 
a. Basal cells large. 
* Thorax and sbdenied inflated ’ Cyrtide. 
** Thorax and abdomen not inflated. 
1 Empodium pulvilliform. 
Tibiz spurred. Leptide. 
Tibize not spurred . Hirmoneuride. 
2 Empodium styliform ; legs with bristles Asilide. 
38 Empodium none. 
+ Discoidal vein with two branches Therevide. 
++ Discoidal vein with one branch Bombylide. 
+++ Discoidal vein not branched 
tA spurious vein between cubital and 


discoidal Syrphide. 
+t No spurious longitudinal vein. 
{’ Cubital forked. . . Ncenoprnide. 


1 Cubital simple. 
a. Diseoidal simple. 
Antennal bristle thick . Myopide. 
Antennal bristle thin . Platypezide. 
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b. Discoidal forked, or absent. 

Antennal bristle basal  Pipwnculide. 
Antennal bristle apical Lonchopteride. 

4 Empodium membranaceous and linear. 

+ First joint of the antennz very 
short . , . Tachydromide. 

++ First joint of antennze moderate 
Posterior transverse vein oblique to 


posterior border of wing. Hybotidee. 
Posterior transverse vein parallel 
to posterior border of wing . Limprde. 


b. Basal cells short. 
* Discoidal and basal cells united . Dolichopodida. 
** Discoidal and basal cells separate. 
1 Antennz in rounded pits strode. 
2 Antennze not in rounded pits, 
+ First posterior cell closed, or 


nearly closed Muscidee. 
+t First posterior cell widely open. 
Tegulz developed. . Anthomyzide. 


Tegulee rudimentary, or none <Acalyptride. 


LIST OF APPARATUS REQUIRED. 


A CompouND Microscope. An ordinary student’s micro- 
scope is quite sufficient. 

A DissecTING Microscope. A lens mounted on a stand 
with an arm, such as is used by engravers, answers 
very well. 

DissecTING TroucH. Nothing is better than a saucer, on 
on the bottom of which is placed a cirele of sheet cork 
three inches 1n diameter, fastened to a similar circle of 
sheet lead. 

DISSECTING INSTRUMENTS. Two knives, a pair of scissors, 
a pair of forceps, and two needles mounted in wooden 
handles. One of these needles should be straight, the 
other curved. A pair of nail scissors is necessary for 
cutting hard substances, which would spoil the finer 
pair. 

MISCELLANEOUS. Glass slides, three inches by one; and thin 
glass circles, three quarters of an inch in diameter ; in- 
sect pins, glass dipping tube, one or two watch glasses, 
blotting paper, a cork bung flattened on each side for 
fastening bivalve shells to, a pair of broad-pointed en- 
tomologist’s forceps, and a box lined with sheet cork, 
for insects. | 

For working by night the student will require in addition a 

MICROSCOPE LAMP, with a shade, and a 

BULL’S-EYE CONDENSER. 


GLOSSARY. 


#Eyeous. The green metallic colour of bronze. 

AruLet. The lobiform appendage at the base of the wings 
in Diptera. 

ANNULATED. Ringed. 

Arista. The bristle on the third joint of the antenne in 
Diptera. 

CHELATE. Having two-cleft claws. 

CILIATED. Fringed with hairs. 

CinEREOuS. Dark grey, 

CrncuLa. A coloured band. 

CLAVATE. Becoming thicker toward the apex. 


CiyPEus. The part of the face of an insect, between the 
front and the labrum. 


CoARCTATE. Enclosed in a smooth case, which shows no 
indication of the interior parts. 

COMPRESSED. Flattened sideways. 

Cortaceous. Like leather. 

DENTICULATED. With pointed teeth. 

DEPRESSED. Flattened above and below. 

Eiytra. The hardened fore wings in Coleoptera and Or- 
thoptera. 

EMARGINATE. Slightly notched. 

EmpopiuM. An appendage between the claws in Diptera. 

ENTIRE. Not divided. 

EpiIstoMe. The same as Clypeus. 

Fascia. A broad transverse band of colour. 
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Femur. The third joint of the legs in Arthropods. 

FinirorM. Slender, of the same thickness throughout. 

Fouiackous. Expanded like a leaf. 

FosseTtreE. A more or Jess rounded depression. 

Fovea. The same as fossette. 

Futvous. Light yellowish-brown. 

Fuscous. Dull brown. 

GLABROUS. Smooth; without hairs. 

Guaucous. Bright greyish-blue. 

HYALINE. Transparent. 

Hypopycium. Appendages at the end of the abdomen in 
male Diptera. 

INTERCALARY VEINS. Veins in the wings of insects which 
start from a transverse vein. 

Lapium. The lower lip in insects. 

Lasrum. ‘The upper lip in insects. 

LAMELLATE. Divided into several leaves. 

Linear. Of equal thickness throughout. 

Lineuta. The tongue in insects. 

LutTeous. Brownish-yellow. 

~Macuta. A dark angular spot. 

MANDIBLES. The upper Jaws in insects. 

MaxitL&. The lower jaws in insects. 

Mentum. The chin. 

Mrsonotum. The upper part of the mesothorax. 

MESOSTERNUM. The lower part of the mesothorax. 

MersoTHoRAX. The middle division of the thorax. 

MeETANOTUM. The upper part of the metathorax. 

METASTERNUM, The lower part of the metathorax. 

METATHORAX. The posterior division of the thorax, 
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Monmirorm. Like a string of beads. 

Nopzs. A thickened portion of the petiole of the abdomen 
in ants. | 

OBsoLETE. Not distinct. 

OprecteD. Enclosed in a case, on the surface of which the 

forms of the limbs are indicated. 

OceLLus. A simple eye in insects; a coloured ring. 

(Erucinous. Bright bluish-green. 

Ovrpositor. A tube projecting from the abdomen in some 
female insects. | 

Patpus. An appendage to one of the organs of the mouth. 

Patracia. The “shoulder-tippets” of the mesothorax in 
Lepidoptera, which conceal the insertion of the fore 
wings. 

PECTINATED. With long processes, like a comb. 

PETIOLATED. Stalked. 

Picrous. Shining reddish-black. 

Prnosz. Covered with scattered long hairs. 

Praca. A longish irregular spot. 

PrumosE. Feathery. 

Pronotum. The upper portion of the prothorax. 

ProsteRNUM. ‘The lower portion of the prothorax. 

ProTHORAX. The anterior division of the thorax. 

PuBESCENT. Covered with short soft hairs. 

Putvittus. The cushion under the claws in insects. 

RenirorM. Kidney shaped. - 

RETICULATED. Marked like a net. 

RetinacuLum. The bristle at the insertion of the hind 
wings in moths. 


Rostrum. The proboscis in Hemiptera. 
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ScurELLUM. A more or legs triangular posterior process of 
the mesonotum, seated between the wings. 

SecuriFoRM. The last joint broadly triangular, attached 
by its apex to the preceding. 

SprRRATED. Toothed like a saw. Applied to antenne when 
the joints are triangular. 

SEssILE. Not stalked. 

Srraceous, Slender, and getting gradually thinner toward 
the apex. 

Spor. A small round spot. 

STigMATA. The openings of the tracheze. Same as Spvracle. 

STRIATED. With parallel shallow impressed lines. 

Srriga. A transverse coloured band. 

STyYLIFORM. Resembling a pin. 

SuLcATE. With broad, deep, parallel grooves. 

Tarsus. The last portion of the leg in Arthropods, gene- 
rally divided into from two to five joints. 

TEQuL&. ‘The membranous scales on the sides of the meta- 
thorax in Diptera. 

TesTaceous. Dull red. 

Trp1A. The fourth or penultimate joint of the leg in Ar- 
thropods. 

TOMENTOSE. Covered with curled hairs. 

TROCHANTER. The second joint of the leg in Arthropods. 

Vipriss&. Hairs on the anterior border of the mouth. 

Vittose. Densely covered with long straight hairs. 

Vitra. A broad longitudinal stripe. 


Abdomen, 73. 
Aborigines, 13. 
Acanthopteri, 111. 
Actinozoa, 100. 
Air-bladder, 95, 


Albumen gland, 63, 89. 


Albuminoids, 3. 
Aleyonaria, 100, 


INDEX. 


Auditory vesicles, 69, 
Aves, 114. 
Azygos ganglion, 69, 


B. 


Baboons, 120. 
Barriers, 13. 

Basihyal, 97. 
Biology, 1. 


Alimentary system,10; of Sea Ane- Bimana, 121. 
mone, 37; of Rock Starfish, 41; Biphora, 108. 
of Earthworm, 46; of Sea-squirt, Blastoderm, 6, 
51; of Cockle, 56 ; ‘of Periwinkle, Blastomere, 6. 
60 ; of Garden Slug, 62; of Sea Bojanus, organ of, 54. 
Snail, 67; of Shore Crab, 76; of Bone, 9. 
Stick Insect, 81; of Blue. bottle Botany, 1, 


Fly, 88; of Sea Mullet, 95. 


Alulet, 99. 
Ambulacra, 39. 
Ambulacral Canal, 43. 
Amphibia, 111. 
Anacanthini, 111. 
Anal cell, 92. 
Anal fin, ‘93. 

Anal vein, 92. 
Analogy, 8. 
Annelida, 102. 
Anomodontia, 113. 
Anoura, 112. 
Antenne, 73, 90. 


Anterior basal Cell, 92. 


Anthropoid Apes, 120, 
Appendages, 7, 73. 
Apterygide, 116. 
Aqueous humour, 98. 
Arachnida, 104. 
Areolar tissue, 8, 
Arthropoda, 103, 
Ascidioida, 108. 
Assimilation, 2. 
Atrium, 51, 

Auditory sac, 65, 


Brachiopoda, 107, 
Branchie, 11. 

Brownian movements, 33. 
Bulbus arteriosus, 96, 


C. 


Carapace, 72. 
Carinate, 116. 
Carnivora, 119. 
Casuaride, 115. 
Catarrhina, 120. 
Cellular tissue, 8. 
Cephalopoda, 107. 
Ceratohyal, 97. 
Cerebral hemispheres, 97. 
Cerebral ganglion, 76. 
Cerebral ventricle, 98, 
Cerebellum, 97. 
Cetacea, 119. 
Chelonia, 112. 
Chiroptera, 120, 
Chlorophyll, 3. 
Choroid, 98. 

Chyle, 10. 

Chyme, 10. 
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Cilia, 2, 34, 42, 52, 54, 56, 68, 96. 

Circulatory System, 10; of Cockle, 
55; of Garden Slug, 62; of Sea 
Snail, 67 ; of Shore Crab, 76; of 
Stick Insect, 84; of Blue-bottle 
Fly, 90; of Sea Mullet, 96. 

Cirripedia, 103. 

Clitellum, 44. 

Coelenterata, 99. 

Coleoptera, 105, 126. 

Colonists, 13. 

Columbe, 117. 

Columella, 58. 

Columellar muscle, 59, 67. 

Conjugation, 12. 

Connective tissue, 8. 

Costal vein, 91. 

Corpus adiposum, 81. 

Coxa, 73. 

Craspeda, 37. 

Crinoidea, 102. 

Crocodilia, 113. 

Crustacea, 103. 

Crystal style, 57. 

Ctenophora, 100. 

Cubital cell, 92. 

Cubital vein, 91. 


D. 


Development, 6, 108 
Diaphragm plate, 26. 
Didelphia, 118. 
Dinocerata, 119. 
Dinornithide, 115. 
Dinosauria, 113. 
Dicecious, 12. 
Dipnoi, 111. 

Diptera, 106, 135. 
Discoidal cell, 91. 
Discoidal vein, 92, 
Discophora, 100. 
Dorsal fin, 93. 

Dorsal laminze, 109. 
Dorsal vessel, 89, 90. 
Ductus ejaculatorius, 83. 
Duodenum, 95. 


E. 
Echinodermata, 102, 


INDEX. 


Echinoidea, 102. 
Ectoderm, 38. 
Kctosare, 99. 
Kdentata, 119. | 
Edriophthalma, 103, 
Highth pair of nerves, 98. 
Kjaculatory organ, 89. 
Hlasmobranchii, 110. 


Elastic tissue, 8. 


EKmboly, 6. 
Endoderm, 38. 
Endopodite, 78. 
Endosare, 99. 
Endostyle, 52. 
Entomostraca, 103, 
Epiblast, 6. 

Epiboly, 6. 
Epithelium, 9. 
Epizoa, 103. ~ 
Exopodite, 78. 
Extensor of the leg, 84. 
Extrinsic muscles, 69. 
Eye, 91, 98. 
Eye-piece, 25. 


Fauna, 13. 

Femur, 73. 

Fifth pair of nerves, 98. 
Fission, 5. 

Flexor of the leg, 84. 


G. 


Gall-bladder, 95. 
Galline, 117. 
Ganoidei, 110. 
Gasteropoda, 107, 
Gastrula, 6. 
Gemmation, 5, 
Gephyrea, 102. 
Germinal spot, 6. 
Germinal vesicle, 6, 
Gill, 11. 
Gill-rakers, 94. 
Gizzard, 68. 
Glands, 9. 
Glandular tissue, 9, 
Grallatores, 117. 
Gregarinida, 99. 


Halteres, 91. 

Head-fold, 109. 

Heart of cockle, 55 ; of Periwinkle, 
59; of Garden Slug, 62; of Sea 
Snail, 67 ; of Shore Crab, 75 ; of 
Sea Mullet, 96. 

Hemiptera, 105, 131. 

Hepatic duct, 95. 

Hermaphrodite, 12. 

Hermaphrodite duct, 62, 70. 

Holocephala, 110. 

Holothuroidea, 102. 

Homodynamy, 8. 

Homology, 8. 

Hydrocoralla, 100. 

Hydroida, 100. 

Hydrozoa, 99. 

Hymenoptera, 106, 125. 

Hypoblast, 6. 

Hyracoidea, 119. 


I. 


Ichthyropterygia, 112. 
Impregnation, 12. 
Indigenous, 13. 
Infusoria, 99. 
Insectivora, 120. 
Inter-operculum, 93, 
Inter-radial coeca, 40. 
Inter-radial septa, 40. 
Intrinsic muscles, 69. 
Introduced animals, 13. 
Intussusception, 4. 
Invagination, 6. 

Iris, 98. 

Irritability, 3. 


K. 
Kidneys, 97. 

L. 
Labial appendages, 90. 
Labium, 84. 
Labrum, 84. 


Labyrinthodonta, 1.2. 
Lacertilia, 113. 
Lamellibranchiata, 107. 


INDEX. 
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Lamellirostres, 117. 

Lemuroidea, 120. 

Lepidoptera, 105, 134. 

Ligament, 57. 

Ligula, 90. 

Liver of Sea-squirt, 51 ; of Cockle, 
57: of Periwinkle, 59 ; of Garden 
Slug, 63; of Sea Snail, 68; of 
Shore Crab, 76 ; of Sea Mullet, 95. 

Longipennes, 117. 

Lophobranchii, 111. 

Lucernarida, 100. 

Lung, 11. 

Lymphatics, 96. 


M 


Malpighian tubes, 81, 89, 
Mammalia, 118. 
Mandibles, 78, 84. 
Mantle, 50, 53. 
Marsipobranchii, 110. 
Marsupiaha, 118. 
Maxille, 84, 90. 
Maxillary palpi, 90. 
Maxillipedes, 78. 
Mediastinal vein, 91. 
Medullary groove, 130. 
Medullary sheath, 9. 
Mesenteric septa, 45, 
Mesenteries, 37, 96. 
Mesoblast, 7. 
Mesoderm, 38. 
Metazoa, 6. 
Metamere, 7. 
Mollusea, 107. 
Molluscoida, 106. 
Monkeys, 120. 
Monodelphia, 118. 
Monotremata, 118. 
Morphology, 5. 
Morula, 6. 
Muscle, 7. 
Muscular tissne, 9, 34, 48, 54, 60, 64, 
76, 77, 83, 88. 
Myocomma, 94. 
Myriapoda, 105. 


N 


Nematoidea, 101. 
Nerve cells, 9. 
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Nerve fibres, 9. 


Nervous system of Rock Starfish, 


43: of Earthworm, 48; of Sea- 
squirt, 52 ; of Cockle, 55 ; of Peri- 
winkle, 60; of Garden Slug, 64 ; 
of Sea Snail, 69; of Shore Crab, 
77; of Stick Insect, 13 ; of Blue- 
bottle Fly, 90; of Sea Mullet, 97. 

Nervous tissue, 9. 

Nervus recurrens, 83. 

Neuroptera, 105, 123. 

Nucleus, 2. 


O 
Objective, 24. 
Odontolee, 115. 
Odontophore, 60, 63, 69. 
Odontotorme, 115. 
(Esophageal glands, 46. 
Olfactory ganglia, 97. 
Olfactory nerve, 97. 
Onychophora, 104. 
Operculum, 58, 66, 93. 
Ophidia, 113. 
Ophiomorpha, 112. 
Optic lobes, 97. 
Optic nerve, 97. 
Ornithodelphia, 118. 
Orthoptera, 105, 124. 
Otoliths, 65, 69. 
Ovotestis, 63, 70. 
Ovum, 6, 38. 


P 


Paleontology, 9. 
Pallial line, 57. 
Pallal sinus, 57, 
Palpi, 56, 78, 84, 90. 
Parthenogenesis, 12, 
Passeres, 116, 
Pectoral fins, 93. 
Pedicells, 42, 

Penis, 68, 70. 
Perisoma, 39. 
Peritoneum, 9d. 
Pharyngobranchii, 110, 
Physiology, 9. 
Physostomi, 111. 
Picariz, 116. 

_ Pisces, 109. 
Plagiostomata, 110, 


INDEX. 


Planula, 6. 

Platyelmia, 101. — 
Plectognathi, 110. 
Podophthalma, 104. 
Polian vesicles, 42, 
Polyzoa, 107. 

Porifera, 99. 

Posterior basal cells, 92. 
Posterior transverse vein, 92. 
Postical vein, 92. 
Przeoperculum, 93. 
Preeorbital, 93. 
Primitive groove, 109. 
Proboscidea, 119. 
Proboscis, 90. 
Prosimie, | 20. 
Prostate gland, 64. 
Protista, 23. 
Protoplasm, 2. 
Protopodite, 78. 
Protozoa, 2, 99. 
Pseud-heemal system, 45. 
Psittaci, 116. 
Pteropoda, 107. 
Pterosauria, 113, 
Ptiloptera, 117. 
Pulmonary sac, 67. 
Pulmonary vesicles, 11. 
Pulvilli. 86. 

Pupil, 98. 

Pygopodes, 117. 
Pyloric coeca, 95. 
Pythonomorpha, 112. 


Q 
Quadrumana, 120. 


r 


Rachis teeth 63, 69. 

Radial coca, 40. 

Radial vein, 91. 

Radula, 69. 

Raptores, 116, 

Ratitee, 115. 

Rectal papille, 89. 

Renal organs, 11; of Sea-squirt, 51 ; 
of Cockle, 54; of Periwinkle, 5? ; 
of Garden Slug, 62; of Sea Snail, 
67 ; of Stick Insect, 81; of Blue- 
bottle Fly, 89; of Sea Mullet, 96. 
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Reproductive organs, 11; of Sea Stone canal, 42. 
Anemone, 37; of Rock Starfish, Struthionide, 115. 
41; of Earthworm, 47; of Sea- Sub-costal vein, 91. 
squirt, 51.; of Cockle, 56; of Peri- Sub-operculum, 93. 
winkle, 60; of Garden Slug. 63; Symmetry, 7. 
of Sea Snail, 69; of Shore Crab, Synonym, 21. 

77; of Stick Insect, 82 ; of Blue- vs 
bottle Fly, 89 ; of Sea Mullet, 96. L 

Reptilia, 112. Tarsus, 73. 

Respiratory organs, 11; of Rock Taxonomy, ?. 
Starfish, 39; of Sea-squirt, 52; Tegulx, 87. 
of Cockle, 54: of Periwinkle,59; Teleostei, 110. 
of Garden Slug, 62; of SeaSnail, Tendon, 7. 

67; of Shore Crab, 77; of Stick Terga, 85. 
Insect, 81; of Blue-bottle Fly, Theriodonta, 115. 


88; of Sea Mullet, 94. Thorax, 79. 
Retina, 98. Thread cells, 37, 
Rhizopoda, 99. Tibia, 73. 
Rhynchocephala, 113. Tillodontia, 119. 
Rodentia, 120, Toxodontia, 119. 
Rotifera, 101. Trachee, 11, 81. 
Transverse vein, 91. 
S Trochanter, 75. 
Salivary glands, .60, 63, 69, 82, 88. Tunicata, 108. 
Sarcolemma, 9. Tunicine, 108. 
Sauropsida, 114. 0 
Sauropterygia, 112. 
Saurure, 114. Umbilicus, 66. 
Scaphopoda, 107. Umbo, 57. 
Sclerotic, 98. Ungulata, 119. 
Scutellum, 86. Ureters, 97. 
Secretion, 3. Urodela, 112. 
Segmental organs, 46, 48. Urohyal, 97. 
Setee, 45, 48. | 
Sex-glands, 11. i 
Shell, 57, 58, 62, Vagina, 82, 89. 
Simioidea, 120. Vagus nerve, 94, 98. 
Siphonophora, 100. Vas deferens, 47, 60, 64, 70, 89. 
Siphons, 53. Ventral fins, 93. 
Sirenia, 119. Vermes, 101. 
Somatopleure, 109. Vertebrata, 108. 
Spermatheca, 47, 64, 83. Vitellus, 6. 
Spermatozoa, 11, 38, 41, 47. Vitreous humour, 98. 
Spinal recurrent nerve, 94. 
Spiracle, 81, W 
Splanchnopleure, 109. White fibrous tissue, &. 
Spleen, 95. 
Spontaneous motion, 2. ¥ 
Steganopodes, 117. Yolk, 6. 
Stellerida, 102. 
Sternum, 73. Z 


Stomach, 42, 46. Zoantharia, 100. 


; ‘4 a 
‘ becit 
i 
: 
yes 
‘it! 4 
vy pal eee . 
a 
# 
ba # 
sh, 
i 
‘a 
o> 7 
¥ 
¥ 
a 
a ae 


“PRINTERS - AND STATIONERS, | 
- DUNEDIN, ic ae 


eas 


Ee 


ti 


th teed 
eae (all go Le 

fre Sv Pi he 
ine a Ea , 


esa 

ages ey 

= Sr 
ei 


4 ‘ as Bd ‘ fart 
hs Birt DK 
ie. 
ata f 
1 + - 


Ste 


. et 
Sates 


- 


wae 
x 


ie hs prt 
Ay Serge 
hy ety 
A fP aT, 

' i eel I 

! 


= U Age 
lee ‘A 4) I “Ww Th, 


sat ie ‘ ; re ae 
A ey "| Ae fe hele 
{ 
* 
, 


; fr ~! LARA Vi 4 “~ 4) 
r 5 ALE Fa Pe neh owe “p +) *Pigat 
SF oa td Th red it Ah Ps) o/h, op) 
wae A ‘ Type vir" rir wi uy + 
\ A PS ATTA bd ] y| “wlan te ‘ 
te er Mot mre, an A Meat 
4 ‘ eigen Wie el 
“Ab ee rosea tf ih! ie 7 
* eT L 5 & r ld + 
. . ‘ ’ 1 oper : ; 
et ‘ ' ig beds 
" < o aot, Ol ee el Ee El 
et atin Pe ete Ae Pt oy oa 
ak =a EAT Reed Sar neers a ee 


Wity 
+ 


wie 
erent ¥. oy } 
b, ei i - LSA a Ve ‘ J It 4! aay 4 1s, 
Vaan Cte 1 OP el ta Ti et ma TR” ore a ee EL rae 
ail Ce ee Tet OP) BA ALA he A ee ree, 7 ee ah t a le at 

At ye de ¥", at wes ie] bie Be Vigoss TL Hider gt HANA! ae whe 1 aighyb" 7 


Vitu? nh bor Ati teh at we ae ibe ae ® hat ' T pf, ; 
‘ * v5 seh “ it's + Bay ee Catal a, Swed ha he Dh ak Petia HO ea ee fe Nile yi watt 
; , ( DA, ° 


Ditka? wate , 
40s BO UNE Ei Rana 


he 
a MLB Aut Wh LWA ih, a 
My ; Ah aicsha eet 4 
Ht me at RYis ach hie 
tt iy \ sah Ly : 


‘7 


La) 4 eT, : 
Tae Ps Ce ea a UAH 
pha y) mys WY Thy’ 
vohe) “T* fu M ns 


~ 


4 gh | b's eh 
: aut PF ret > a = 
‘ 


7 
. } “ =r { 
| , eae a yi, Ay 3 “a uy ‘%, ty! 
{e The Oe wy 4 rah 7 f 
MP at oat vp. ss “at iy al 
*: ’ ; 
4 f a 4 "Y : Ly \ te h Z A 1 
IS aN ag aA are) ah 
Ate eliiabe: Reet Nerney rah aie, os erat lee 
ue Mek’ SA ides NaS a is eke) we or it ee Reha pipe ne 9 Te ST he Bh 
TS a cc Deed) AEN NCB OO OD demeyass Ne CETL ST a ete A al or BA Seo me tak sik NS Lh in 
— a oo) Pe Vee tp! ie nih ‘KS at eo <i ote sya t WS Pernt We bl YD a Re ae ra ue : nt 
UUNVIM EAI hag Peet Me NCE Al bed Rew am eye anche In SMa Tasch Ret ee TU ; 
; ry Pate eye gay ty, 4 ae ' ai Ae pale ws Joa Vc uh wy ie \ Le ey ara ee id 
hey nN ROS A ote aeMoelee WY Hey Se tue poet 5 a ieee 
| ' + { A 


ee ‘ » 
“ft ae io AN eT 
+ Pt wh 4 THe ¢ ray 
: 


} 
vib 4 Hels ; ve = . “1. 4 
pall lin Dg kee ay 1! r OL BTR te & OE Sis 
Pian Bea as) ree a) DAL 3) i ert Pen> a eee ey ee 


lw Tdewss 


wih i 

‘ net 5 hs 

Ne | on be d i ‘, b 

RUN : iy ‘i oe) Laat Ih; 
A “ 


’ 


2 , ae by a / f id 
& : Mo : we 4 ' Le = 
WA att os ESAS Tar OM Co fiom DO MG Ne Un 
ry ‘ Peres Lf eet ve a etViD "VE 4 Sie. Bry ’ AS 5 ‘ 


7 a 


a 
= 
‘ 
4 
4 
¢ 


iy 4 


>, 
2 
+ 
> 
a4 
—_ 
—» 
i, 
a 
$A 
. 
> 
— 
“ow 
= 
os 
a 
oe = 
a 
+ 
t 
~, 
= 
aie: 
Wry 
ist? 
. 
rons * 


] A 
7 f, ey 
‘ . : gs) 4 
: UL é ; a i iy; vy, 
ea a aN rep) TRY POY pale) fre ime Dd att 4 aN pol 
‘ ; on] in 5 . he . 4 4 vp ead at p ant 
) Paty : ritex a? 
i j ) { f 5 ey : 19) tb 
hte) bag es ee ee 
} ie y i < y mH . eenil ete =! TE ee, 
\\ ier - Ae ¥6 Lae ~ a ” a Mr 4% +} » Ae “ie y t at 
iy’ perah= lls Tae ‘ Pi » i) NG y wate - me PAM es VRON get 
“ . ; : 5 | ‘ Ty. ogy lieent enme BAS 
(ey arren ah tart peril > he le hy wT y ar a) a ee als 
/ AE fe) el ee cl LO ks wee Mien tC es 
ae Sn Aaa Rabin , 4. ty NS AR Gey Sas te eet ave } Abs 
hyp ‘ i is : Neder 
! 


. 
tay are ve v 
ea. et eas ty! MEAT One 
; 1] Pils et on Ory fae a cies ~ 
: tee et Wet b aha i f ee Le TS TPs rm a 
; r CLT Aaa LAL Mt ART PL) Be et Soe a ieee Shee hele ta. 
{ .~ ee we ' ' ihe 4 4 ‘ ‘ ip ey) - S 
i" ' ; POUT: TeV 9 \ 7 en - ‘ ee. 4) . 
yy, if lhe wilt A Ay ri a) yeti? il ‘;! ad # (29 u° Ye ‘ FUN 7 
. P % wah We WP Ne One , 
* ‘ 4 ¢ + ’ 


y 
Jr 
= ‘ong 


AG OD 


agi lal I ’ ant, eI M ep, MA's Yu, ™ Lad) ty lo . } : ‘oh ’ Pe r “ yeitay iy th 5 ¥, 
q ‘ ah Chl ‘ i oe p RD 4 Sei Ae, ts aes Pg F i! 7 . 
A ant ‘a? tr) pre ~ ~ou Uy iy iy ‘ us \e 14, / ut an Aaa Sey i). baat 8 Ae t Ta eee SA we : Very Via, \) “ae % 
Ment eae Ale set es NT Agee 4 ar Wt! Pally! eo, OF ‘ ‘\ aS (ep! pel At | = a pris’ tye uy aD eee OP 
A Jy at rea" . " rm Ua ite Ed Pls ryt Ji Nae Pe th A rah , a= 4 ie an UP Lk ine yd al OT a S ete " a 5" : ¥ 
ys wy Ws aay ? / 5 | ! i’ Moh Vu Ny 4 whe i We et a, : Fi a A” De fos in oe +l ' “y 7 igs ve 1 ppl 7) >). -“¥ 
ae oS THR A a 4 and “v ; es EO tye Oe oh ay ogee ey L' es de Mo eidics yh a 
FAA ha lean abe GO RES ERM IRR a OR ted A TSC nT eR 
Hat ; vey Ry, pd fe 1a { atin : “ Pin ‘ ' A for > 1\ A if ba fe ley i, h. tal 2b v3 ah “4, rs uw ap rey “a Loy Pa at. a 
rd 4. Ft ae ie} - 7 rn oe ul d ’ isl’, a7 ys el! > ie reer he bie, a ee a \ ‘he ai rev wus 
Mons wn rs ie Bey tet. ohio Py aA 8 aa FA 5 ) ") ve . i Tre Lb acct ‘ ee bah Ba LR}, “hs | 
7 F nie +) () ca a aeeria 9 Ae yf ' vat an \ Ole ta is myth ~ kM, $01) we ’ ue ne re wl past Sara FD 
ue 4 tials HOUSE Teese | te ty Pel, ay et: wiat 4 yet on ae ae Pee y ee of, ‘ad foe Lv 
A a eee, Lah A [- POA ere: \ hee LS AME yey ‘ ) Me : 4 Lae Ce eee P 7h : ayt i uy 
WA i $2 st an SB doen? vi unin’ an, ur i Uy “} A [> , fs beat Vv ani ) hi i Pet! hey? Ue ‘ uA, rae’ bait Pu iy ‘ Wuhan \ . at i! r 
Ji ‘ihe r : Dhtiniee e BAe 7 hs 1 aa : ; ‘ ie Tie OOS PL Yoel 4S eae | Pe 
tarp thats GUE r Haar vy I area Sohn) ih? OS Sh ae Tabs ga hey tons Raleae iad img Ot Sit Sg Sr cE i 
Tr Lae FU eR AD a Tae) scat ape Bee see PT wa Oe SOS C eWay deh Pha iia)! Staten ae den SE eh Bo 
ND beh, ut eet ir nseecd ey Mee ey Re Rate a NO SRA WD ae STR Oe +P fd The Ae hd, UCONN ae geo nT SAA eg 8 
j “bila! yy ‘ of is, Pry, vee) a ne Nee 
& 1 bel ‘ eh oe ot id, RAN Ue TT bse Oe i he 
] . aah) e's rire! DI a re wen 
Q s% 
, —_— 


. ou 
§ ye) vi ' j 
Cyt fo al dey al es 4) Wh ed tore rea 2 
i “- ry a4 * a ny 
Pie ye Le ah al > Aes ame 
eM % a) Oily + yt Cha, Ve ; 
‘ 
an") it ‘ \ b nt? Olah. 
r) » . t - AS pm: “ 
' ’ 


